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+-^« r-irrhits in this invention, 
ne U.S. Government has certain rights xn 
upon partial support provided by Department of Energy 
Grant No. DE-FG05-93ER61737 . 

specific binding xn a bxologxcal sy ^ 
used for positron emission tomography (PET) an 
emission (SPECT) imaging methods. 

BaiM^ur^^ to bind to localized 

The ability of analog compounds to bxnd to 
^ thin the body would make it possible, xn prxncxple, 
"ile such ToZlts for in situ imaging of the ligands 
to utxlxze su * imaging methods. In prxncxple, 

5 by PET , SPECT and sxmxlar xmag g ^ iong 

nothing need be known about the nature ° of 
as binding occurs, and such bindxng xs .pacific fo 

~ t^=ues or receptors of interest. rr.j. 
cells, organs, tissues or P compounds labeled with 

is accomplished with the aid of tracer * positron 
. . . . ^ cntoue (Goodman, M.M. i- 1 iruuQ ■ — 
0 a positron-emitting isotope^l K . F . Hubner et al. , 

cbapter 14,. - -st biological f „ PET , but 

~ Tr The carbon isotope,[ <~J , Ilc1 ^ " 

Tt half-life of 20.5 minutes limits its usefulness to 
nds that can be synthesized and purified guickly, and to 
15 compounds that can oe y cvc lotron where the 

facilities that are proximate to a c * cl0t isotopes 
r"ri citartinq material is generated. otner x 

r"n i j£r^»~. ™ — -r-: r^L. 

30 The emissions of botn a carrie d out with these 

nevertheless, PET stud 1~ -ve^een 

isotopes (Hubner. K.F., in _ ^ 
12Beg£aElffi , Mosby Year BooH 1992 K. F hal£ . li£e of 

chaP ter , l - re = . , ^ ^ 

administration into a human or animal sublet. 




- ' v ^om a cyclotron, up to about a 200 

facilities more remote from a y compounds . 
mile radius, can make use oft J of fluorinate d 

^ r 18 Fi are trie reiduiv 
Disadvantages of [ J ertlliv alence to naturally- 

^ l_ v,_ V(S functional equivalent 
analogs that have fun the di ff ic ulty of 

occurring biological materia , ntly utiliz e the 

designing methods of ^thesis tha ^ starting 

parting Serial ^ - * ^ g _ In 

serial can be eithe luor ^ bimolecular gas 1S 

lat ter case only gaS is designated 18 F-F . 

actually a ^n^, material the refore yield 

Reactions using , lf the rad ionuclide abundance of 

pr oducts having only one ha If t* ^ ^ ^ 

reactions utilizing K F as s titieS a s fluoride ion 

hand, ^3 can be ^^J^^^ioal compound in high 
for incorporation into ra P ^.^ carrier _ 

sp ecific activity, ^^ 1 ^ lon .. The energy emission 
free nucleophilic substitution relatiV ely short, 2.4 mm 

of [»F] is 0.635 MeV, resu Iting high resolut ion 

average positron range m tissue, P 

PET images. tracers that emit high 

SPECT waging employs «o_P ^ . sotopes is 

energy photons "^"""^ provides lower three- 

— -/ o ^; n bUt H ::r th P eless, SPECT is vi^y 

dimensional resolution. in , or mation about analog 

obtain clinically ^^^Tr^s. A useful isotope 
binding, localisation and uith . ho ur half 

£or SPECT imaging i» C H - ^ be snippe a up to about 

lif «. compounds labeled with t J ^ . sotope itMlf 

100 0 miles fro. ^^^^te synthesis. Eighty-five percent 
, can be transported *« £ ReV photon s, which is 

of the isotope's emissions «' curr ently in use. 

readily measured by SPECT has bee „ iimited to 

Us e of [»FJ labeled compounds in deoJtyglucoS e 
^„«^<= Most notably/ l r i 
a few analog compounds. mo lucose metabolism and 

8 bas been widely ZJ>*~* ^ ""^ " 

localization of glucose up 



* . „„„ other dopamine receptor analogs have 
t"n-»uorodopa LppLnopa'ine receptor distribution, 
also been used in * for pET or SPEC T 

. ° the :;r:— ««« ^* ^ 

r gl " g B ' r " « having usable half-lives — 
5 "Br, Br ' Br a " In general, the chemical 

emission characteristics. i 9 described 

be substituted for other halogen isotope , [ At , 
emits alpha particles ^^^l^^^ 
isotopes also are therefore useful for 

IS hal£-livas. Atsubstit. efficiently tumor-specific, 

tumor therapy, where binding is """"" * 

Humerous studies have demonstrated "creased 

incorporation of carbohydrates and -^^^^xlrated 

m« This accumulation is associated witn 
tumor cells. ini&> a> - mu„ 

20 pro iiferatio, ,a nd ^^^U^^- 

:rrserrdLiL:uishing ^ -r^rri; al . 

, tissue or benign growths (Dicniro, 

from normal brain tissu £luorine . 18 

(1982) Neurology (NY) 22-1323 detecting low 

25 labeled 2-FDG is not the nornal tissue can 

grade brain ^"^^^ion. fluorine-IB 
mas* the presence of * ^ radlophir ma=eutical for 
labeled 2-FDG is not the ideal » or detecting 

30 rir^rie— o-grupta. - ^ 

radioactivity in .-^^ £ ^.STS^-i-. 

^^•-^r- «- -r .r t :r:r ish 

malignant tissue from normal ^ "the half- 

35 relatively high uptaXe in normal tissue^ H c „ methionine 

life of carbon-11 is only 20 minutes, therefore C 
can not be stored for a long period of time. 




' m- an article titled, "l-Aminocyclobutane [ 11 C] carboxylic 
Acid, a Potential Tumor-Seeking Agent," published in J. Mid. 
„ e d.20:1055-1061 (1979), L.C. Washburn et al . reported that 
the unnatural, alicyclic (.-amino acid, 1- 
5 a m<nocyclobutanecarboxylic acid (ACBC), labeled with carbon-14 
or"carbon-ll, was incorporated preferentially by several tumor 
types in animals. ACBC has been shown to be a selective 
substrate for protein synthesis in metastatic lesions in the 
brain with little observable uptake in normal brain tissue. 

1-Amino-l-cyclobutane carboxylic acid is also a selective 
and potent ligand and antagonist for the excitatory am.no acid 
receptor subtype N-methyl-O-aspartic acid , 
the strychnine-insensitive glycine recognition site. The NMDA 
receptor has been implicated in CNS disorders such as 
.5 epilepsy, stroke, Huntington's disease, Alzheimer's disease 
and schizophrenia. 

synthesis of ACBC has been carried out by the 
Bucherer-Streker synthesis which is suitable for labeling with 
["CI using t"C]-cyanide as precursor. (Washburn, L.C. et 

20 in ^^^^^^^^ 

~ w - vfilnr*™*™^!: *** 19 " 22 ' 19 "' 

Washington. ) 

, 5 The invention provides novel amino acid compounds of use 

in detecting and evaluating brain and body tumors. These 
compounds combine the advantageous properties of 1-amino- 
cycLalkyl-l-carboxylic acids, namely, their rapid uptake and 
prolonged retention in tumors with the properties of haiogen 
30 substituents, including certain useful halogen 1«*°P« 

including fluorine-18. iodine-123, iodine-125 xodxne-131. 
bromine-75, bromine-76, bromine-77, bromine-82, 
astatine-211. and other astatine isotopes. 

in one aspect, the invention features amino acid 
3S compounds that have a high specificity for target sites when 
administered to a subject in vivo. Preferred^ amino acid 
compounds show a target to non-target ratio of at least 5.1, 




are stable in vivo and substantially localized to target 
within 1 hour after administration. An especially preferred 
amino acid compound is [ 18 F] -l-amino-3-f luorocyclobutane-l- 

carboxylic acid (FACBC) . 

- in another aspect, the invention features pharmaceutical 
compositions comprised of an a-amino acid moiety attached to 
either a four, five, or a six member carbon-chain ring. In 
addition, the invention features analogs of «-aminoisobutync 



acid. 



in a further aspect, the invention features amino acid 
compounds further comprising an imaging agent and uses for the 
compounds in detecting and/or monitoring tumors in a subject, 
in one embodiment, the amino acid compound imaging agent is 
administered in vivo and monitored using a means appropriate 
for the label. Preferred methods for detecting and/or 
monitoring an amino acid compound imaging agent in vivo 
include Positron Emission Tomography (PET) and Single Photon 
Emission Computer Tomography (SPECT) . 

Compounds of the invention include fluoro-, bromo- or 
iodo-substituted cyclobutyl, cyclopentyl, cyclohexyl ammo 
acids as shown in Scheme 1 or singly unsaturated cyclic 
homologs thereof as shown in Scheme 2, or methylenyl fluoride 
or iodide-substituted analogs, as shown in Scheme 3, or 
fluoro- or iodo-substituted isobutyl amino acids as shown in 
Scheme 4. The substituted cyclic compounds of Schemes 1-3 
belong to the following generic formula: 



0^ 



10 



,C 



COOH 



NH- 



R 2 - C Y H Z 

where Rx is X. X-CH=CH-, or R 3 

R 2 is H, or R 3 if Ri is R 3 ' 




25 



such that 



. 3 is X- (CH)j - C m H n - CH« 




CH 2 COOH 



/ 



C y H : 



NH : 



(CH 2 ) 



30 



35 



40 



is formed 
where 



x is 0 or 1, 

z iJ \ °l 2 3 or 4 and z > Y if Y i* 2 < 
q iJ i'or'o if n is 1 and j is 0, 
n is 1 or 2, but 0 if m is 0, 
m is 0 or 1, 

82- --- *~ 



77 



Br, 



Br, or At 



.Non-cyclic. but sterically similar compounds of the 
invention have the following generic formula, as shown xn 

Scheme 4 . 




RfCH 2 



C H 



C0 2 H 



N H 



where . R x is X or X-CH=CH- 



and x is I, -I. -I- 125 I< F ' 18F < Br ' 75Br ' 76Br ' 



"Br, 82 Br, or At 



The compounds of the invention are useful as tumor- 
binding agents and as NMDA receptor-binding ligands, and in 
radioisotopic form are especially useful as tracer compounds 
f« tumor imaging techniques, including PET and 
^ere X is At, the compounds have utility for rad.o - therapy . 
in order to synthesize the compounds to maximize a useful 
lifetime for short-lived isotopes, and to maximize yxeld and 
Purity! specialized, non-standard routes had to be dev.sed, as 
described. 

The compounds of the invention can be labeled with 
Technetium. Technetium- 9 9m is known to be a use ful 
radionuclide for SPKCT imaging. The cyclrc am.no adds of the 
invention are Joined to a Tc-99m metal cluster 
carbon chain which can be saturated or possess . double or 
triple bond. The Tc-99m metal cluster can be, for example, an 
alkylthiolato complex, a cytectrene or a hydrazine 
nicotinamide complex (HYKIC) The linking structure can be R. 

.replacing in the i"^^^*"^™* 
CH b -CH»-CH< where a is 1, 2 or 3, b rs 0, 1 . 
alkylthiolato-Te complex, a Tc-cytectrene or a T=-HYNIC 

complex. 



fo#Y 



SCHEME 1 
/(CH 2 ) X \/C0 2 H 
(C y H z ) ^ V NH 2 

/ 75 76„ 77 _ 82 X - 1 OT 2 

/ R- 75 Br, Br, Br, Br y , 1or2 

/ 131, 123^ 1 2 5)> 18 Fi 18 pCH2 ^0 At Z = 2 Or 4 

ib f HC=CH-, 125 I-HC=CH— 



SCHEME 2 
(CH 2 ) X v. .C0 2 H 



^(C y H z ) X NH 2 
75 Br, 76 Br, 77 Br, 82 Br, 



x = 1 or 2 
y - 1 or 2 

123 l, 125 l, 131 l. 21 °At z-1 or 3 



H 



SCHEME 3 

(CH 2 ) XN /C0 2 H 

NH 2 



R <CH 2 , 

- y ^(C y H z ) 



123. 125. 131. 18 p 
R - I, •» '» r ' 

75„. 76 0 „ 77 nr 82 Rr 210^ z . 2 or 4 



x - 1 or 2 
y - 1 or 2 



5 Br, 7e Br, "Br, "Br. 



SCHEME 4 
R s^/COzH 

NH 2 



H 3 C 



18. 



r = J F, X-HC=CH— 
X 

"'Br,"Br,"Br, 



123,^ 125^ 131, f 18 Fj 75 Br> 
76„'. 77 Dr 82 Rr 210 M 



^^f^f^^^^ substantially improved 

of The body -ving .ali,na„t tumors, 
PET imaging for areas of availab le positron- 

especially tumors of the brain, ft 

emitting isotopes which could >e ^T^Tl The 

• , •..nu-active compound have short halt uve 
bl olo,,oally actrve P ^ ^ tjMMfor . 

practical utility lab eled compound can be 

dependent on how and the radio chemical purity 

synthesized ^* ^f^J^ snipp i„g time from the isotope 
, of the final product E ^ labQratory 

source, a ^clotron facility, _ a ^ 

where PET ^/^^IsLce is about two miles per 

^of^ -U e *hus c-C. with a half-life of ,0.5m is 
minute of half lit a sQurce whereas 

s restricted to about a 40 mile r ^ ^ ^ 

compounds labeled with [ I J ,i. F1 -labeled compound 

mi le radius. Further ^ * y 'J^ receptor or 

+- have the binding speciticix:y 
are that it have th fa that non _ specif ic 

target -lecule l aufticiently low to permit 

!0 binding to other targets o fa „ et binding, and that 

distinguishing between target and »™ 
the label be stable under oment . „ore 

exchange with other substances , the test ^ 

25 binding to the desire ^ cells Furthermore, 

comparable degree with other „ e labile or 

the fluorine, iodine or bromine label must ^ 
unstable such that significant amounts appear in, 
thyroid, or other non-taret tissue respectively, 
thyroid, ^ str . ngent requirem ents for 

■ /is to employ v-emitting isotopes in SPECT imaging, 

imaging is to employ if ,„ ker £or SPECT, having a 

is a commonly used ^ QVer 1000 mi ies 

half-life of 13 hours for a useful ' ^ inventio n can be 
£ rom the site of synthesis, compounds of the « 

■ Jn efficiently labeled with [ I] ror 

35 rapidly and eff1 ^^ tQ p£T imaging . Furthermore, 

analysis as an alternative to * labeled with 

because of the fact that the same compound can 
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either' isotop., it is possible for the first time to compare 
the results obtained by PET and SPKCT using the same tracer. 

in vivo distribution of a compound of the invention, 
r..Fl-l-amino-3-fluoro-cyolobutane-l-oarboxylio acid (FACBC) 
was measured in rats having an implanted gliosarcoma. 
Accumulation in various tissue was measured at 5 mm and 60 
min post-administration. The compound was immediately seen to 
be preferentially associated with tumor tissue as early as 5 
minutes post administration, with relatively little uptake in 
c^er tissues. After 60 minutes, an increased level of tumor 
uptake relative to non-malignant brain tissue was <*™ d - 
with very little additional uptake in other tissues, uptake 
by bone was essentially constant over the 60 minutes of 
exposure, indicating stability of the 2-cyclobutyl group to 
significant in vivo defluorination. The tumor uptake 
exhibited a maximum at 60 minutes of 1.72% of total injected 
dose/gram of tissue, with a maximum ratio of tumor to brain of 
6.61, compared to 5.58 at 5 minutes. By contrast, [ F) 
fluorodeoxyglycose (fdg) showed rapid accumulation but poor 
discrimination between tumor and brain, the dose/gram ratio of 
tumor uptake to brain uptake being 0.84 at 60 mm. The 
results with [»F] FACBC indicate that the compound is a 
valuable imaging agent for diagnosis, management and paging 
of malignant tumors, using PET imaging. 

The specificity of tumor binding also provides utility 
, for I-substituted compounds of the invention, such compounds 
can be labeled with short-lived '"I for SPECT imaging or with 
J longer-lived ™ztor Xonger-term studies such as monitoring a 
course of thir^ Other iodine and bromine isotopes can be 
substituted for those exemplified. 

The compounds of the invention therefore provide improved 
methods for tumor imaging using PET and SPECT. The methods 
entail administering to a subject (which can 

animal, for experimental and/or diagnostic purposes) an image 
generating amount of a compound of the invention labeled with 
L appropriate isotope and then measuring the distribution of 
the compound by PET if C"F] or other positron emitter is 




employed, or SPECT if t"'U or other gamma emitter ls 
employed. An image -generating amount is that amount which is 
at least able to provide an image in a PET or SPECT scanner, 
taking into account the scanner's detection sensitivity and 
noise level, the age of the isotope, the body size o£ the 
suMect and route of administration, all such variables being 
exemplary of those known and accounted for by calculations and 
measurements k „« to those skilled in the art without resort 
to undue experimentation. 

!t will be understood that compounds of the invention can 
be labeled with an isotope o£ any atom or combination of atoms 

in the structure. While ["Fl . t l "U and [•>•!] have been 
^hasied herein as being particularly useful for PET^ SPECT 

Z tracer analysis, other uses are contemplated including 
s those flowing from physiological or pharmacological propert.es 

of stable isotope homologs and will be apparent to those 

skilled in the art. 

A high degree of tumor specific binding has been observed 
for compounds of the invention, in human patients as well as 
, 0 in experimental animals. The high specificity has inspired 
the use of At-substituted compounds of the invention for 
therapeutic use. At isotopes are emitters of alpha particles, 
where short range is useful for tumor radiotherapy. 

The invention also provides for technetium (Tc) labeling 
25 via Tc adducts. Isotopes of Tc, notably Tc-, have been used 
for tumor imaging. The present invention provides Tc- 
complexed adducts of compounds of the invention. « 
useful for tumor imaging. The adducts. are Tc- coordination 
complexes Joined to the cyclic amino acid by a 4-6 carbon 
30 chain which can be saturated or possess a double or triple 
bond. Where a double bond is present, either E (trans) or 
<cis) isomers can be synthesized, and either isomer can be 
employed. Synthesis is described for incorporating the Tc 
isotope as a last step, to maximize the useful life of the 
35 isotope. 
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As be described in detail hereinafter, the compound 

can be prepared by the steps represented in steps 1-11. 
The following methods were employed in procedures 
I d herein fFJ-Fluoride was produced from a Seimens 
reported herein. t ] reaction with lx „eV protons on 

cyclotron usin, the o( P .n, ^ _ 

95% enriched I o, wate ^ purification, 

analytical grade ana caoillarv tubes 

M elting points of compounds we re determ ne d ^ 
by using a Buchi SP apparatus. Thin lay 
analysis (TLC) was performed by using 250-mm thick layers 
analysxs (T ) aluminum (obtained from 

T T L) Column chromatography was performed by using 
15 Analtech, Inc.)- coiU infrared spectra (IR) 

60-200 mesh silica gel (Aldnch Co.). Infrared * 

were recorded on a BecKman ISA spectrophotometer «^ 
plates Proton nuclear magnetic resonance spectra (1H NMR) 
^obtained at 300 MHz with a Nicolet high-resolution 
2 0 instrument. 

Svntties^ , v 

^^^urToT^yl^ro^^ g. 0-27 mol) , 

A mixture o y q ^ Qf mercurous 

epichlorohydnn 2 (25 g, 0.27 moi, , 
chloride was heated for 12 hr at 150° C (Step 1 . 



25 



30 



35 



chloride was neamu j-^ — 

Oistillation through a Vigreux column yielded ■ 

(79%) of ^chloro-^benzyloxy^-hromopropane 3 
(0.3 mm),- 1H NMR (CDCl,) 6 3.34-3.9 C.4H, CH,) , 
CH a ) , 7.26 (s, 5H, phenyl) . 

S y J! t*es 1 ^ !f ^i S t M1= 3^^ 

4! T o a stirred slurry of 4.6g ,0.19 mol, sodium hydride in 
115 mTof dry dioxane was added "V^™ „ 
diethyl malonate over a 30 min period. After this 
complete, 50.0, (0.19 mol, of l-=hloro- 2 -be„zyloxy 

^ was added dropwise in 30 mm (Step 2). Tne 
bromopropane 3 was added drop 

mixture was heated at reflux for 44 hr, cooled 




Synthesis of FAGBC 



/ \_ C H,Br + C1CH 2 CH-CH2 





\ » 



CH,C1 ' NaH 



CH.OCH 



\ 



CH 2 Br CH 2 (CQ 2 Et) 2 





CH-,0 



CONH 2 NaOC ^ JT~\ 
CONH 2 o C 



C0 2 B NH4OH 
>- 

co 2 a 




° NaOH 




rs 



CH 2 0 



COOH CH 2 N 2 
>- 

NH 2 




CH 2 0 
8 



,C0 2 CH 3 (t.C 4 H 9 CO) 2 0 
NH 2 




rs 



CH 2 0 
9 



C0 2 CH 3 



Pd/C 



NHBOC H 2 



HO 



C0 2 CH 3 
NHBOC 



10 



<TfO) 2 0 




/v C0 2 CH 3 

Tfo "\X 



NHBOC 



11 



K222 

K 2 C0 3 1 s 
h 

1 8 

K F 
CH 3 CN 
85 C 



CO^CH 3 4NHCI 18 
>- F 

NHBOC 115 C 



COOH 



12 



NH 2 
FACBC 
13 




temperature, and 4 . 6g (0.19 mol) of sodium hydrxde xn 50 mL of 
dioxane was added in portions. The mixture was heated a 
reflux for an additional 120 hr. The solvent was partially 
removed under reduced pressure and the mixture was treated 

5 with 100 mL of water. The organic layer was extracted into 

ether The ether extracts were dried and concentrated and the 
residue was distilled under reduced pressure. Di ^" a ^™ 
through a 12-in Vigreux column yielded 49. Og (85%) of *"thyl 
3- b enIyloxycyclo b utane-l, 1-dicar.oxylate 4 b p 174-176 c 0.9 

0 mm); * NMR(CDC1 3 ) 6 1.23 (t, *-7H. . 6H, CH 3 ) , 4 .0-4 7 (m IS 
OCH), 4.34 (s, 2HOCH 2 ), 4.13 (q, >7H. f «. OCOCH 2 ) , 7.23 (s, 

5H, phenyl) . .,•«=. 
th — ■- „«■ ■,- h ..„,v 1 oyvcv,- 1 oh„tane-l ! -rh c-arhoxamine 5 . 

Diethyl 3-benzyloxycyclobutane-l,l-dicarboxylate 4 <20g. 
.5 65mmol) was stirred with concentrated aqueous ammonia (250 mL) 
fervour days at room temperature <Ste P 3, . The dia.ide S was 
collected by filtration and washed with water followed by 
Ithyl acetate. The yield was 8 . Ig (50*,. 'H » <d6-D«SO 6 
"./(.. 2H, CH 2) , 2.5 (., 2H, CH,> . 3.. <«. ^7 . 2HZ 1H OCH) , 
,0 4.3 ,s, 2H, OCH.). 7.0 <m, «H. HH.) . 7.23 (s, =«, pheny 1 ) 

r „ , ...^n. s-n-^nvYloxYcy -mbnt ^^hydanto^ « ■ 

3-Benzyloxycyclobutane-l, l-dicarboxamine, 5 (2.0 g, 8 
mmol) was stirred in 150 mL of dilute sodium hypochlorite 
(Aldrich product/water 1 to 2, at 0-5- c for four hrs (Step 

25 4, . The reaction mixture stood overnight at room temperature, 
unreacted diamide was recovered by filtration. The solution 
was neutralized to pH 5 with concentrated hydrochloric acid 
and evaporated to dryness in vacuo. The residue was -^acted 
with 50 mL of hot methanol, filtered, and washed with 50 mL of 

30 hot methanol. The methanol solutions were combined 

evaporated. Yield of the mixture of cis and trans hydantoins 
6 was 1.4 g(70%). 

■ ... ..^^■In^lo^ n-IT ^lK 3°id 

The hydantoin 6 (1.0 ,,4.1 mmol) was hydrolyzed by 
35 refluxing with 10 mL of a barium hydroxide solution '^urated 
at room temperature) for 16 hr (Step 5, . The solution was 
neutralized to P H 6 with 2 M sulfuric acid and evaporated to 




35 



Yield of 



4 



dryness In vacuo. The residue was extracted with 50 mL of hot 
methanol, filtered, and washed with 50 mL o£ hot methanol. 
The methanol solutions were combined and evaporated. Via. 
the i-amino-3-benzyloxycyclobutane-l-carboxylic add 7 was 
5 0.69 ,(7.%). 'H NMR (d.-methanol) 6 2.2-2.9 (m, 4H, CH 2 ) 

(t, J-6.9 Hz, 1H, OCH), 4.5 (s, 2H, OCH,). 7.23 (be s, 5H, 

P !Zi ' i - - — -^^v^-^b.m.t.^-^nzylovyr-vclnhntape-l- 
r-ar-boxvl ir-. acid 8: 

A solution of the amino acid 7 (0.5 g, 2.3 nol) - " 
' of a mixture of methancl/triethylamine (90:10, was treated 

with l.Og (4.6 mmol) of di-tert-butyldicarbonate (Step 6) . 
The mixture was heated at 50-60-c for 10 min and then the 
solvent was removed by rotoevaporation. The crude 
15 stirred in 5 mL of dilute HC1 <pH=2) at 0-c for 10 mm. The 

. j . /-iTT rl (2x10 mL) , the combined 
mixture was extracted with CH 2 ci 2 ^xiu m^; , 

Extract dried, and the solvent was removed. The crude oil was 
chromatographed on silica gel using methylene 

fchloride/methanol (9 to 1) with 0.1% formic acid. The product 
20 I (0.55 g. 73%) showed a single spot on TLC (Rf-0.59) with the 
J same solvent system; visualization was withJto O- H,P0 4 . 

c^-cH- of 1- <T ii 1 1 i m ~i ^ ^-^^yi^^lobutan^: 

rarhoxvli ^-^^^vl ester 9: 

To a slurry of i-methyl-3-nitro-l-nitrosoguandine (150 

x • o mT of ether at 0-5°C was added a 40% solution of 
2 5 mq) m 8 mL ot eerier ai- " 

. ^ ^ • j , rmui The resultant diazomethane 

potassium hydroxide dropwise. ine re 

ether solution was added to 0.15 g( 0.50 mmol) of l-t-butyl 
carbamate-3-benzyloxycyclobutane-l-carboxylic methyl ester 
acid in 3 mL of ether (Step 7) and the mixture was stirred 

. * i . ^ T.rachoH With 



30 room temperature for 15 min. The mixture was washed with 

water <10mL, and the ether evaporated. The cru de residue was 
chromatographed on silica gel using ethyl J, 1 



9) Yield: 0.13g (82%); l H NMR (CDCl,) 8 1.35 (s, 9H, CH,) , 
2.27-2.88 (m, 4H, CH 2 ) , 3.72 (s, 3H # CH 3 ) 4.18 (m, 1H, CHO) , 
4.42 (s, 2H, OCH 2 ), 7.23 (br s, 5H, phenyl). 




V^fr^ Ylir, acid ffl-^Y 1 * st:er 10 - 

^^^^olu^n of O.10g JoTLol) of the protected aB.no 
acid' benzyl ether 9 in 5 mL of methanol was mixed with a 
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acid benzyl ecner * xn -> — -— ^ 
suspension of 25 ma of 10% palladium on charcoal in 5 ml. of 
me^ano! (Step 8, . The mixture was stirred under a positive 

Ire of hydrogen (balloon, for 1, hr. The catalyst was 
filtered off and the solvent was evaporated. The crude 
residue was chromatographed on silica gel using methylene 
cSe/methanol „ to 1, . The product 10(74 mg 39%, showed 
iXgle spot on TLC (Rf-0.81, with the same solvent system, 
Penalization was with MoO- HsPO^^^ 

"^^Talcohol 10(25 mg, 0.10 mmol, was dissolved in 10 ml. 
of dry methylene chloride and pyridine (12^) by starring 
under N 2 . The solution was cooled to 0-5-C and 12„I, of 
.rUluoromethane sulfonic anhydride was added (step 9, After 
Inr, the solvent was removed in vacuo and the crude oil was 
chromatographed on silica gel using ethyl -etate/hexane (3 to 
? , The product 11 (24 mg, 64%) showed a single spot on TLC 
^f-0.60, with the same solvent system; visualization was with 

SsSfcL^o^uor^^ 

f"Fl FACBC 13: „,. tion 
.. F) -Fluoride was produced using the "o(p.n) F reaction 
with 11 «ev protons on 95% enriched [»0] water. After 
evaporation of the water and drying of the ^ 
acetonitrile evaporation, the protected ~~ 
(3 mg) was introduced in an acetonitrile solution ( * 
Z carrier added (NCA, fluorination reaction (Step 10, was 
performed at 85'C for 5 min in a sealed vessel m the presence 

=r,H Krvntofix (Trademark Aldrich 
of potassium carbonate and Kryptotix i« 

HT > iinreacted 18 F- was removed by 
chemical Co., Milwaukee, WI}^ — .Unreac-cea r 

""ting the' reacting mixt^with methylene chloride followed 
by passage through a silica gel Seppak which gave the F 
labeled product 12 in 42% E.O.B. yield, % ^ 

(Step 11) was achieved by using 1 mL of 4 N HC1 at 115 c 




FACBC 13 was 



10 



15 



20 



15 min and then the aqueous solution containing 
passed through an ion-retardation resin (AG 11A8 50-100 mesh) . 
IZ synthesis was completed in SO .in following E.O.B. wxth an 
overall radiochemical yield of 12% (17.5% E.O.B.)- 



Fvam ple 2 : 



o v—h.-l,, o f r " F1-? -ftminn-3-f1uprp-2- 
.I>h y i n roD., r-'-^'- to '" 1f - " rlrt '* ' FRMPC > 



3-Benzyloxy-l,2-epoxypropane 15 

Sodium hydride (60% oil dispersion, 23.6 g. 0.59 mol, was 
added in portions to a solution o£ glycidol (14, (40 0.54 
Z ! benzyl bromide (101.5 g . 0.5 9 mo!,. ^ n -tyla^oniu™ 
iodide (0.24 g> in dry 0^(150 - ^ J ^ S'-TL- 

mixture was stirred for 1 hr at 65 poux 

looted with ether (2xV5 . The coined ether extract 
was washed with water (3x75 »L) and dried over MgSO 
Di stillation using a 12-in vigreux column afforded 6^9 g 

,71%) of glycidyl benzyl ether 15; bp 120-122-c (10 mm , H «B 
cod, . 2.6 (dd. 1H, OCHa,. 2.3 (dd. 1H, OCHb, 3 - Mm 

OCHc). 3.2 (dd, 1H, OCHd), 3.8 (dd, 1H, OCHe, , 4.6 (dd, 2H, 

OCH,), 7.23 (S, 5H, phenyl). 



3-Benzyloxypropan-2-ol 16 

To a suspension of lithium aluminum hydrxde (6,1 g, 0.16 
mol, in ether ,50 mL, at 25-c was added a solution of glycidyl 
25 ben yl ether 1= (52.9 g, 0.32 mol, in 50 mL of ether (Step 
13, . The mixture was refluxed for 2 h and cooled to room 
temperature. A solution of 1 H NaOH was added dropwise to the 
mixture and the precipitated metal salts were removed by 
filtration. The ether containing the product was washed with 
30 water (50 mL) . dried (HgSO.) and the solvent removed by roto- 
evaporation. Distillation gave 43. 3g (82%, of 3- 
evapora 110 -ll2 (5 mm,. 'Him (CDC1 3 , 8 

benzyoxypropan-2-ol, 16 bp 110 i > 

1 13 (d, J=6.6 HZ, 3H, CH,), 2.5 (br s, 1H, OH,, 3.28 ( , 

i,A V l ' ^ , nr u\ a 55 (s, 2H, OCH 2 ) / 

OCH), 3.45 (dd, 1H, OCH), 4.0 (m, 1H, OCH) , 4.55 

35 7.35 (s, 5H, phenyl) . 





21 

20 




3-Benzyloxypropan-2-one 17 ^ ^ ^ a 

DHF (150 ml) at 25 C stir ^ 
s diluted with «ater (75 -L) (Step 1 ) ^ 

extracted ^^^^1^ ^ and the solvent 
were washed with water (3x50 ' 3 (77%) of 

re »oved bY ««- v ; p .:::"; 7 - bp D r. 106 (l . * »« 

L0 rr/rs", 2 . ;.o' 5 <..». «. ... ». ««.». - 

(s, 5H, phenyl) . 

15 in 300 of 50, ethanol containing ~™ J" 

„ 0.60 „ol> and potassium cyanide ,1 . J. evaporate d 

added. The »ixture was warded to 60 < fo ^ ^ 

to dryness in vacuo (Step IB) . »V£ caRe washed witn 

75 * of hot methanol, filtered and ^ 

20 50 «. of hot .ethanol The = 1 Qn sillca 
solvent evaporated, and th resi ^ 3 -benzyloxypropan-2- 

gel using CH.Cl^methanol 9. 10. Vield^ ^ , 1# „ 

one hydantoin 18 was 23 g <66«) . H NMR Hz 

, C-Hl 3 41 (d, J=9-6 HZ, 1H, OCHa) , 3-52 (d, 

(S, 3H, CH S ), 3.41 ( , 8 25 (m> 5Hf 

25 1H, OCHb), 4.5 (s, 2H, NH), *•» I . 

phenyl) . 

at _ — r: - - u rr:cid i h „: «, 

neutralized to pH 6 witn * 

The residue was extracted witn 
dryness in vacuo. The resi met hanol. 
methanol, filtered, and washed with 50 mL °* of 
35 The methanol solutions were combined and evaporated 
the amino acid » was 4.1 g (76%). 
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v. ^-benzvloxy-2-xaethyl-l-propiomc add 20 

2-t-Butyl carbamate-3 benzyloxy mixt ure of 

A solution of the ammo acid 19 xn 10 mL 

/on.in\ is treated with 1-0 g t^-o 
ne thanol-triethylamine (90.10) « tr ^ ^ 

»!, of di-tert-butyl dxcar bonat removed by 

~ - cn-fiooc for 10 min and then tne soxvei 
heated at 50 60 c £ ^ ^ ^ , 

roto-.vaporat.on The P ^ ^ extracted 

dilute HC1 (pH-2) at 0 C to drl ed, and the 

^a .Xlene chloride^ethanol <. to 1, witb 

0.1% formic acid. 

2 - ( t-But yl c~b^t.,-3-b«.y^ 

21 to a slurry of i-methyl-3-nitro-l-nitrosoguandine in 

To a slurry ° so lution of potassium hydroxide 

ether at 0-5°C is added a 40« solutxon P added 
dropwise. The resultant diazomethane ether solutxo 
dropwxse -,-benzvloxy-l-methylpropane-l- 
to 1-t-butyl carbamate : 3 m ^ Z f Y e ^ r and the fixture is stirred 
carboxylic acid 20 xn 3 mL of ether ^ 

at room temperature for 15 <^^> evap orated. The crude 

washed with water (20 mL) and the ether 
residue 21 is chromatographed on sxlxca gel usxng ethy 
acetate/hexane (1 to 9). 

2-<t-Butyl carba m ate)-3-hydroxy-2-met h yl-l-propionate22 

A solution of the protected amino add ^ ^ 
5 ^ of methanol is mixed with a suspension of 25 mg of 
Palladia on charcoal in 5 m L of ethane! (Step 19, - The 

• .n^.d under a positive pressure of hydrogen 
mixture „ stored under P ^ ^ ^ ^ 

(balloon) for 16 hr. The cat y ^ chromatograplied 

solvent is evaporated. The crua 22 
on silica gel using methylene chloride (9 to 1) 

2 -(t-Butyl carbamate, -3-trifluoromethane sulfono*y-2-methyl-l- 

m ~ op ai:ri is -i-i- * - - - ^ -sr- 

chloride and pyridine «„,» by stirring ^ 
solution is cooled to 0-5'C and 12 ^ of tn 





sulfonic anhydride is added (Step 20). After 1 hr, the 
solvent is removed in vacuo and the crude oil is 

chromatographed on silica gel using ethyl acetate/hexane (3:7) 
to yield 23. 

5 

[ 18 F]-2-Amino-3-f luoro-2-methyl-l-propionic acid 2 4 

[ 18 F] -Fluoride is produced using the ls O(p,n) 18 F reaction 
with 11 MeV protons on 95% enriched [ 18 0] water. After 
evaporation of the water and drying of the fluoride by 

10 acetonitrile evaporation, the protected amino acid triflate 23 
(3 mg) is introduced in a acetonitrile solution (1 mL) . The 
(NCA) fluorination reaction (Step 21) is performed at 85°C for 
5 min in a sealed vessel in the presence of potassium 
carbonate and Kryptofix. Unreacted 18 F" is removed by diluting 

15 the reacting mixture with methylene chloride followed by 

passage through a silica gel Seppak which gives the 18 F labeled 
product. Deprotection (Step 22) is achieved by using 1 mL of 
4 N HC1 at 115 °C for 15 min and then the aqueous solution is 
passed through an ion-retardation resin (AG 11A8 50-100 mesh) 

20 to yield 24. 

Example 3 : Synthesis of r 18 F1 -l-Amino-3-f luoro- 
cyclopentane- 1-carboxylic acid 37 (FACPC) 

4-Bromo-l, 2-epoxybutane 26 

25 A solution of jn-chloroperbenzoic acid (50% pure, 72.5 g, 

0.21 mol) in 500 mL of methylene chloride was added dropwise 
to a stirred ice-cooled solution of 4-bromo-l-butene 25 (25 g, 
0.19 mol) in 100 mL of methylene chloride (Step 23). After 
the addition, the mixture was stirred at 25°C for 18 h, during 

3 0 which time m-chlorobenzoic acid precipitated. The reaction 

mixture was washed with 4 N sodium hydroxide until the aqueous 
phase remained alkaline and with water until neutral. The 
organic phase was dried (MgSOJ and the solvent removed in 
vacuo to give 27.9 g (89%) of 4-bromo-l , 2-epoxybutane 26. l H 

35 NMR (CDC1 3 ) 8 2.10 (m, 2H, 0-C-CH 2 ) , 2.58 (d,d J=5 . 0 , 2.6Hz, 

1H, OCHa) 2.82 (dd J=5 . 0 , 4 . 0Hz ) , 1H, OCHb) , 3.09 (m, 2H, 0-C- 
CH 2 , 3.55 (t f J=7Hz, 2H) . 





Diethyl 3-hydroxycyclopentane-l , 1-dicarbonate 27 

A solution of diethyl malonate (7.7 g, 48.5 mmol) in 53.4 
mL of 1 N ethanolic sodium ethoxide was stirred for 15 min in 
a ice bath, after which 4-bromo-l , 2-epoxybutane 2 6 (14.6 g, 97 
5 mmbi) was added (Step 24). After stirring at 25°C for 3 h, 
the mixture was poured into water and the ethanol evaporated 
in vacuo. The aqueous solution was extracted with chloroform, 
the extracts dried (MgS0 4 ) and concentrated. Distillation gave 
8.14 g (73%) of product 27; bp 155-160°C (0.5 mm); X H NMR 
10 (CDC1 3 ) 8 1.3 (t, J=7.2Hz, 6H, CH 3 ) , 1.7-2.7 (m, 6H, CH 2 ) , 3.02 

(s, 1H, OH), 4.2 (q, J=7.2Hz, 4H, 0=COCH 2 ), 4.2 (m, lH,OCH). 

Diethyl 3-benzyloxycyclopentane-l, 1-dicarboxylate 28 

Sodium hydride (60% oil dispersion, 2.1 g, 53 mmol) was 
15 added in portions to a solution of diethyl 3- 

hydroxycyclopentane-1, 1-dicarboxylate 27 (11 g, 48 mmol), 
benzyl bromide (9.7 g, 53 mol) , and 22-tetrabutylammonium 
iodide (100 mg) in dry DMF (50 mL) at 25°C (Step 25). The 
mixture was stirred for 1 hr at 65 °C, poured onto ice and then 

2 0 extracted with ether (2x50 mL) . The combined either extract 

was washed with water (3x50 mL) and driedover MgS0 4 . 
Chromatography on silica gel (10:90 ethyl acetate/hexane, 
Rf=0.38) afforded 11.6 g (75%) of the benzyl ether 28; l K NMR 
(CDCI3) 5 1.3 (t, J=7.2Hz, 6H, CH 3 ), 1.7-2.7 (m, 6H, CH 2 ) , 4.2 
25 (q, J=7.2Hz, 4H, 0=C0CH 2 ), 4.1 (m, 1H, O-CH) , 4.6 (s, 2H, O- 

CH 2 ) , 7.3 (s, 5H, phenyl). 

3-Benzyloxycyclopentane-l , 1-dicarboxamine 29 

Diethyl 3-benzyloxycyclopentane-l , 1-dicarboxylate 28 (10 

3 0 g, 31 mmol) is stirred with concentrated aqueous ammonia (100 

mL) for four days at room temperature (Step 26) . The 
resultant diamide 29 is collected by filtration and washed 
with water followed by ethyl acetate. 

35 Cis/trans 5- (3-benzyloxycyclopentane) hydantoin 30 

3 -Benzyloxycyclopentane-1, 1-dicarboxamine 29 is stirred 
in 150 mL of dilute sodium hypochlorite (Aldrich product/water 
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Synthesis of FACPC 
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1-2) at 0-5°c (or 4 hr and then allowed to stand overnight at 
room temperature (Step 26) . Unreacted diamide 
recovered by filtration. The solution is neutralized to P« 
^concentrated hydrochloric acid and evaporated to dryness 
in vacuo. The residue is extracted with 50 ml. of hot 

^ ^v,^ vH-t-h 50 itiL of hot methanol, 
methanol, filtered, and washed with 50 mL or 

The methanol solutions are combined and evaporated. 

i-Amino-3-benzyloxycylcopentanecarboxylate acid 31 

The hydantoin 30 is hydrolyzed by refluxing with 10 ^ of 
a barium hydroxide solution (saturated at room 

for 16 hr (Step 28). The solution is neutralized to P H 6 with 
2 M sulfuric acid and evaporated to dryness m vacuo. The 
LsiL is extracted with 50 mL of hot methanol, filtered, and 
washed" with 50 mL of hot methanol. The methanol solutions are 
combined and evaporated. 

1-t-Butyl carbamate-3-benzyloxy-l-cyclopentane-l-carboxylic acid 
solution of the amino acid 3! in 10 ml, of a mixture of 



20 A 



A solution ui — . ^ , . , 

methanol/triethylamine «,.,10, is treated ^^j^ „ 
dicarbonate (Step 29) . The mixture is heated at SO 60 for 1 
min and then the solvent is removed by rotoevaporation. The crude 
; r oduot ^ stirred in 5 mL of dilute HC1 (pH-2, at 0 = 0 for 10 mm. 
The mixture is extracted with (2x10 mL, , the coined 

extract dried, and the solvent removed. The crude oil is 
chromatography on silica g el using methylene chloride/methanol „ 
to 1) with 0.1% formic acid to yield 32. 

x-t-Butyl carbamate-3-benzyloxy-l-cyclopentane-l-carboxylic acid 



methyl ester 33 



To a slurry of Lmethyl-3-nitro-l-nitrosoguandine in ether at 

0- 5-C will be added to a 40% solution of potassium *Y^°xide 
Lopwise. The resultant diazomethane ether solutio, , is added to 

1- t-butyl carbamate-3-benzyloxycyclopentane-i-carboxylic acid 32 
in 3 mi. of ether and the mixture is stirred at room 
" The mixture is washed with water (10 mL) 



for 15 min (Step 30) 




and the ether evaporated. The crude residue is chromatographed on 
silica gel using ethyl acetate/hexane (1 to 9) to yield 33. 

1-t-Butyl carbamate-3-hydroxy-l-cyclopentane-l-carboxylic acid 

Tnethvl ester 34 

A solution of the protected amino acid benzyl ether 33 in 5 
mL of methanol is mixed with a suspension of 25 mg of 10% 
palladium on charcoal in 5 m L of methanol (Step ,1, . The mature 
Is stirred under a positive pressure of hydrogen (balloon, for 16 
hr The catalyst is filtered off and the solvent is evaporated. 
T Ie crude residue is chromatographed on silica gel using methylene 
chloride/methanol (9 to 1) to yield 34. 

1-t-Butyl carbamate-3-trifluoromethane sulf onoxy-l-cyclopentane-1- 

carboxvlic acid methyl ester 35 

alcohol is dissolved in 10 mL of dry methylene chlor.de 
and pyridine (12 M by stirring under N 2 . The solution xs cooled 
to o-5oc and 12 ML of trif luoromethane sulfonic anhydr.de xs added 
(Step 32). After 1 hr, the solvent is removed in vacuo and the 
crude oil is chromatographed on silica gel using ethyl 
acetate/hexane (3:7) to yield 35. 

r-F]-l-Amino-3-fluorocyclopentane-l-carboxylic acid 37 

ri. F] -Pluoride will be produced using the »0(p,n)»F reactxon 
with 11 MeV protons on 95% enriched [»0] water. After evaporatxon 
of the water and drying of the fluoride by acetonxtrxle 
evaporation, the protected amino acid triflate 35J3 mg) xs 
introduced in an acetonitrile solution (1 «L) . The (NCA) 
fluorination reaction is performed at 85°c for 5 mxn xn a sealed 
fiuorxna „ rt+ - ass i UI n carbonate and Kryptofix (Step 

vessel in the presence of potassxum caroon 

33) Unreacted 18 F" is removed by diluting the reactxng mxxture 
with methylene chloride followed by passage through a silxca gel 
Seppalc which gives the »F labeled product 36. ^ote^ion ^ 

34) is achieved by using 1 mL of 4 N HCl at 115-C for 15 mxn and 
then the aqueous solution is passed through an ion-retardatxon 
resin (AG 11A8 50-100 mesh) to yield 37 (FACPC) . 



Trample 4: 



ilIj ^ Lj _ LjI| . nn ^mohrn n n-l-rarhox Ync acid 

AO (FACHC) 



4 . H „c— « yu» e k tai ^ portions to 

Ua 1 38 < 0 \, 128 in 60 «, of methanol (Step 3=,. »«« 

Ketal 38 (20 9. a<Jded to the solutio „ d rop W1 se 

"ntirrpH o f Ha! o; taine a ana then the solvent was 

until a pH of 8 s4%) shoued a singla 

L0 roto-evaporation^ The pr 20:80 solvent system 

spot on TLC (Rf-0.4 ethyl solution) and was 

:::::::: t^i^- - - <«*■> ^-v; 

USe „ , 1H rH _ 0 ^ 4.0 (s, 4H, ketal-CH 2 ), 5.3 (s, 

8H, ring-CH 2 ), 3.8 (m, 1H, CH O) , 4.u ^ , 

15 1H, OH) . 

4-Benzyloxycyclohexanone ethylene ketal 40 

tetra-n-butylammonium iodide (50 mg) Y 
, c ^ n The mixture was stirred for 1 hr at 65 c, po 

(Step 36). The iuixt: combined ether 

- kss-tksssss = V ' rs-s. . 

40. l H NMR (CDC1.) 6 1.6-1.9 (-. SB. rxng-CH,) , 3-6 (-. IB, 
4.0 (2. 4H. ketal-CH 2 ), 4.6 (s, 2H, CH 2 -0) . 

30 cyc lohe X anone ethylene Ketal 40 

(5 .0 g , .1 -ol) ^ -*»— 1 <» — 1N HC1 'Vneulllised 

stirred overnioht at 25-C (Step 37). The mature was 

bY addition of 1 N NaHCOj (0.5 «L) , -^^^^"T^^ 
4.. an(1 the residue chromatographed on silica gel using 
35 evaporation, and the ^ 4l was 2>? g 

15:85 ethyl acetate /hexane. Yieia 




Synthesis of FACHC 




NaBH 4 



Step 35 




40 



38 



39 



KCN 



41 



(NH3) 2 C0 3 
Step 38 




HCI 



Step 37 



Ba(OH)g 
Step 39 



Step 40 



NH 2 



CHoN 



2 in 2 



C0 2 H 

NH l BOC step 41 



44 



43 



O" 0H2 ° 



HO 




C0 2 CH 3 



NH'BOC 



H 2 ^ 
Pd/C 

Step 42 




C0 2 CH 3 



NH^OC 



Step 43 



45 



46 



TfO 




TfO 



K222 
K 2 CQ 3 



Step 44 




18 t 



4 N HCI 



Step 45 




C0 2 H 
NH 2 



49 



48 



47 





(67%) ; Rf=0.35; l H NMR (CDCl 3 ) 6 2.3 (m, 8H, ring-CH 2 ) , 3.6 (m, 1H, 
CH-O) , 4.6 (s, 2H, CH 2 -0) . 

4-Benzyloxycyclohexanone hydarvtoin 42 
5 * 4-Benzyloxycyclohexanone 41 is dissolved in 30 mL of 50% 

ethanol containing ammonium carbonate and potassium cyanide is 
added (Step 38) . The mixture will be warmed to 60°C for 2 h and 
evaporated to dryness in vacuo. The residue is extracted with 4 0 
mL of hot methanol, filtered, and the filter cake washed with 20 
10 mL of hot methanol. The methanol solutions are combined, solvent 
evaporated, and the residue chromatographed on silica gel using 
CH 2 C1 2 /methanol 90:10 to yield 42. 

l-Amino-4-benzyloxycyclohexane-l-carboxylic acid 43 
15 The hydantoin 42 is hydrolyzed by refluxing with 10 mL of a 

barium hydroxide solution (saturated at room temperature) for 16 h 
(Step 39) . The solution is neutralized to pH 6 with 2 N sulfuric 
acid and evaporated to dryness in vacuo. The residue is extracted 
with 50 mL of hot methanol, filtered, and washed with 50 mL of hot 
20 methanol. The methanol solutions are combined and evaporated. 

1-t-Butyl carbamate-3-benzyloxy-l-cyclohexane-l-carboxylic acid 44 
A solution of the amino acid in 10 mL of a mixture of 

methanol/ triethylamine (90:10) is treated with di-tert-buty 1 
25 dicarbonate (Step 40) . The mixture is heated at 50-60 °C for 10 

min and then the solvent is removed by rotoevaporation. The crude 

product is stirred in 5 mL of dilute HC1 (pH=2) at 0°C for 10 min. 

The mixture is extracted with CH 2 C1 2 (2x10 mL) , the combined 

extract dried, and the solvent removed. The crude oil is 
3 0 chromatographed on silica gel using methylene chloride/methanol (9 

to 1) with 0.1% formic acid to yield 44. 

1-t-Butyl carbamate-3-benzyloxy-l-cyclohexane-l-carboxylic acid 
methyl ester 45 

35 To a slurry of l-methyl-3-nitro-l-nitrosoguandine in ether at 

0-5 °C is added to a 40% solution of potassium hydroxide dropwise. 
The resultant diazomethane ether solution is added to 1-t-Butyl 



28 




„ 3 benzvloxy-l-cyclohexane-l-carboxylic acid 44 in 3 mL 

carbamate-3-benzyloxy y temperature for 15 »i» 

grated. The crude residue is on silica gel 

5 using ethyl acetate/hexane (1 to 9) to yield 45. 

1-t-Butyl carbamate-3-hydroxy-l-cyclobutane-l-carboxylic acid 

mSthY ^ rorti" of the protected amino acid benzyl ether 4 s in S 
10 m L o f methanol is mixed with * suspension 0^5 - - ^ 

1. stirred unde : . P° siti P ^ ^ evaporated . 

hr. The catalyst is filtered „ e i using methylene 

The crude residue is chromatographed on silica gel « 
1S chloride/methanol (9 to 1) to yield 46. 

Lt-Butyl carba.ate-3-trifluoromethanesulfonoxy-l-cyclohexane-l- 

20 .hloride a d yridine ,» £ „ = 

x. cooled to 0 5 c a * ^ ^ ±s ramoved 

rr/rand sr-r^ l — - — 

ethyl acetate/hexane (3:7). 
25 t , F] .i-^ino-3-fluorocyclohexane-l-carboxylic acid 4, ^ 
rn -Fluoride is produced using the o(p n, of 

Q „rirhed T l 01 water. Afcer evapu 
xl „ev protons on 95, ""^I ] ace tonitrile evaporation, 

the water and drying o t * ^ introduced in an 

30 the protected amino ac d tr flate ( £luorination paction is 
acetonltrile solution (1 mL) The ( > ^ presence of 

performed at S5-C for 5 mm in sealed ed ,. F - ls 

potassium carbonate and K ™*f " <^ e Vith ethylene chloride 
removed by diluting the reacting mixture - ^ 1<F 

35 followed by passage throug, . a si ica ge ^ ^ using , ^ 

labeled product. Deprotection (Step 45) solutlo n is 

of 4 N HC1 at 115 °C for 15 .in and then the ague 
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10 



15 



20 



has 50-100 mesh) to 
pa ssed through an ion-relation res.n (AG — 

yield FACHC 49. 

^^^SalZ^-r.oxv^.e ,1 
Dimeth yl ester '^^^^.^^^^ <»« 

To a slurry of 1 ~ thy solution o£ potassium 

. * of ether - -'-^"J^ diazom eth a ne ether solution was 
hydroxide dropw!se. The re ^ ^ ^ mlxture 

added to 0.15 g (0.50 «.» <* " 46) . The mixture 

wa s stirred at room ^P*"^*^ ^ eva porated . The crude 

in portions to a solution of ^ e (51) , benzyl hromide, 

(hydroxymethyDoyolooutane-l ^ ^ (SMp „, . The 

a nd n-tetrabutylamm=nru B iod.de n V ^ ^ ^ then 

mixture is stirred for 1 hr at 65 . P ^ 
extracted with ether x « -M- ^ ^ ^ chromatograp hy 
washed with water (3 x m j 



on silica gel. 



30 

•3/ 



^ MSR-vAmino-a-CfluoromethyDcyclobutane-l-carboxylicacid 




C0 2 Me BzBr 

CH 2 Ng_ HOCH 2 -< X NaH 

C0 2 Me 

Step 46 Step 47 

51 




C0 2 Me NH 4 OH 



\^ ch ^ och K Vv/ Xc 



ONH 2 NaOCi 



CONH 2 

C0 2 Me v Step 49 

Step 48 53 



NH 2 t C4HgCO) 2 C 



^ Step 50 55 



C0 2 H 

Step 51 



54 




-BOO ^ rWjHr< ^ X co , Me ST 




56 



Step 52 57 



Step 53 




NH<BOO Trf . )2 o /V"* 00 ^"FC^-Z^X 002 "' 



Step 54 59 Step 55 60 
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is stirred with concentrated aqueous ammonia (100 «L) for 
(52) .is stirred wit resultant diamide is 

acetate. 

Cis/trans 5-< <3- b enzyloxymethyl,cy=lobutane)hydantoin 54 

evaporated . 

hr (Step SO,. The " H Z T n IJuo. The residua is 

« rr^-^T^t— ■ and washed with so 

25 r:r::: leH. - so^s „. a nd 

evaporated . 

Lt-Butyl ca^a.ate-B-.benzylox^hyl.cycio^ane-l-ca^o.ylic 

acid 56 ■ a o-8rt rss) in 10 mL of a mixture of 

R solution of the a*,no ac d <55, 1 dl . tert . butyl 

methanol/triethylamme (90.10) is tr 50 . 60 -c for 10 

di=ar b onate (step 51, . ^ -xture „ -^a /t ^ ^ 

j +.v, Q „ 4-v,c solvent is removed by rotoevayw 
min and then the solvent , nlI =2> at 0°C for 10 mm. 




chromatography on silica gel using methylene chlcride/methanol 
(9 to 1) with 0.1% formic acid. 

Lt-Butyl carbamate-3- (benzyloxymethyl) cyclobutane-l-oarboxylic 

5 acid methyl ester 57 . at 

To a slurry of i-methyl-3-nitro-l-nitrosoguandine in ether 

0-s-c is added a 40% solution of potassium hydroxide dropwise 
The resultant diazomethane ether solution is added to carboxylio 
aold 56 in ether and the mixture is stirred at room temperature 
,0 Z IS min. (Step 52, . The mixture is washed with water and the 
etner evaporated. The crude residue is chromatographed on «1» 
gel using ethyl acetate/hexane (1 to 9) . 

1-t-Butyl carbamate-3-(hydroxymethyl>cyclobutane-l-carboxylic acid 

" neth ^ TZZ of the protected amino acid benzyl ether 5, in 

methanol is mixed with a suspension of 10* palladium on charcoal 
in 5 mL of methanol (step 53). The mixture is stirred under a 
Positive pressure of hydrogen (balloon, for 16 hr. The catalyst 

20 Is filtered off and the solvent is evaporated. The crude residue 
s cnromatographed on silica gel using methylene chloride/methanol 
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(9 to 1) 



The solution 



l-t-Butyl carbamate-3-(trifluoroxnethane sulfonoxymethyl) 
cyclobutane-l-carboxylic acid methyl ester 59 

The alcohol 58 is dissolved in 10 mL of dry methylene 
chloride and pyridine (12 M by stirring under N 2 . 
is cooled to 0-5°C and 12 nl, of tr if luorome thane sulfonic 

C °° ^ , 04 _ After i hr , the solvent is removed 

anhydride is added (Step 54). After l nr, 

in vacuo and the crude oil is chromatographed on .xlxca gel usxng 
ethyl acetate/ hexane (3:7) . 

C.-n-l-Amino^^fluoromethyDoyclobutane-i-oarboxylic acie L.o 

r«F,-Flu=ride is produced using tha »0(p.n)»F reaction wit* 
11 MeV protons on 95% enriched t »0] water. After evaporation of 
the water and drying of the fluoride by 

the protected amino acid triflate 5S (3 mg, is introduced in 






10 



acetonitrile solution (1 *L) . The (NCA, fluorination reaction „ 
performed at 85-c for 5 -in in a sealed vessel in the presence of 
potassium carbonate and Kryptofix (step 55). Unreacted F « 
removed by diluting the reacting mixture with methylene chlor.de 
followed by passage through a silica gel SeppaK which gives the F 
iabeled product. Deprotection of 59 is achieved by using l ml, of 
4 N HC1 at 11S-C for 15 min (step 56, and then the a^o» S 
solution is passed through an ion-retardation resin (AG 11X8 
100 mesh) . 

Exaj^le^: S ynthesis of f^-l-^lnn^-iod nn Ymobutane- ^ 

narboxy ^^- acid 61 
r-^.soaiuxn iodide (10 mCi, 0.1 N NaOH solution) is dried by 
acetonitrile (2 mL) evaporation, the protected amino acid triflate 
15 11 (3 mg) is introduced in an acetonitrile solution (1 mL) (Step 

57) Zl (NCA) iodination reaction is performed at 85-C for 5 mm 
in a sealed vessel. Unreacted "IT is removed by diluting the 
reacting mixture with methylene chloride followed by passage 
through a silica gel Seppa* which gives the »l labeled product 
protection is achieved by using 1 mL of 4 N HCl at 115-C for 15 
min (Step 58) and then the aqueous solution is passed through an 
ion-retardation resin (AG 11A8 50-100 mesh) . 

£ximP jLe_7: Svnthes^s.^^ 

n^rhnyylic acid 65 
l-t-Butyl carbamate-3-oxo-l-cyclobutane-l-carboxylic acid methyl 

esteir 62 

The protected alcohol 10 is added to a suspension of 
pyridinium chlorochromate in DMF at 25»c, stirred at 65-C for 3 h, 
and then diluted with water (75 mL, (Step 59) . The mixture is 
extracted with ether (3x50 m L > and the combined ether layers were 
washed with water, dried <MgS04, and the solvent removed by roto 
evaporation . 
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[1-t-Butyl carbamate-l-cyclobutane-l-carboxylic acid methyl ester] 
3 -hydra zone 63 

A mixture of hydrazine, ketone 62, DBN, and 20 mL of ethanol 
is heated to boiling (Step 60) . The mixture is kept hot for 10 
min. The solution is cooled, and the hydrazone is collected by 
filtration. 

r"3 I] _ 1 _ A mino-3-iodo-cyclobut-2-ene-l-carboxylic acid 65 

Aqueous 3% hydrogen peroxide is added to a mixture of sodium 
r»»I] iodide, hydrazone 63, and 0.1 N HCl in a sealed vial 
protected by a charcoal vent (Step 61). The reaction is allowed 
to proceed for 3 0 min at ambient temperature, quenched with a 
solution of sodium bisulfite (300 mg/mL) . Deprotection of 64 
(Step 62) is achieved by using 1 mL of 4 N HCl at 115-c for 15 min 
and then the aqueous solutionis passed through an ion-retardation 
resin (AG 11A8 50-100 mesh) . 

Examole 8: syni-hasis F- r 123 I1 -1 -Ami no-3- (2- 

Example 8 . . Lo^thenvl ) ^ ohutal^-1 -carboxyl i c acid 69 

1-t-Butyl carbamate-3-bromo-l-cyclobutane-l-carboxylic acid methyl 
ester* 66 

Bromine is added to a mixture of alcohol 10 and 
triphenylphosphine in DMF at -io-C (Step 63). After stirring for 
1 h, the mixture is diluted with water and extracted with ether 
The ether layer is washed with water, 10% sodium sulfite, and then 
dried. The ether is removed and the residue is chromatographed on 
silica gel. 

l-t-Butyl carbamate-3-ethynyl-l-cyclobutane-l-carboxylic acid 

30 methyl ester 67 

The bromo compound 66 in THF is added to a suspension of 
lithium acetylide ethylenediamine complex in THF stirred at 0°C 
under a nitrogen atmosphere (Step 64) . The mixture is stirred for 
3 h at 250C, poured into ice water, and extracted with ether. The 

35 ether extract is washed with ice cold 1 N HCl, brine and then 

dried. The ether is removed and the residue is chromatographed on 
silica gel. 
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[ 1 23I]-1 - Amino-3-iodocyclobutane- 1 -carboxylic acid 



TfO 




C0 2 Me ^ Nai 



123 



123i 



NH<BOC 2 - HCl 




C0 2 H 
NH 2 
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Step 58 



61 



[123I]-l-Amino-3-iodocyclobut-2-ene-l-carboxyUcacid 



co 2 Me 

NH^OC 

Step 59 




C0 2 Me h 2 NNH 2 



H 2 N 



NH l BOC 
62 Step 60 




63 



C0 2 Me Nai ^23 /H2Q 

t D8N 
NH BOC 

Step 61 



2 '"^O^N^BOC '"^/^NHa 



64 



Step 62 



65 



36 



1-t-Butyl carbamate-3- ( (E) -2-tr ibutylstannylethenyl) -1- 

are refluxel in toluene under nitrogen atmosphere for 10 h (Step 
£ The reaction mixture is cooled, solvent removed in vacuo, 
and the residue chromatographed on silica gel. 

-i-Amino-3- ( (E) -2-iodoethenyl) cyclobut-2-ene-l-carboxylic 



acid 69 



Aqueous 3% hydrogen peroxide is added to a m ixture of sodium 
r-Diodide, tributylstannyl «8, and 0.1 * BC1 in a sealed vial 

,. , ™r,f fstao 66). The reaction is allowed 

protected by a charcoal vent (Step 66) 

to proceed for 30 min at ambient temperature, quenched with a 
solution of sodium bisulfite (300 mg/mL) . Deprotection (Step 67, 
" achieved by using 1 mL of 4 N HC1 at 11S-C for 15 mm and then 
tL Ceous solution is passed through an ion-retardation resin 

(AG 11A8 50-100 mesh) . 

Examples; ° f r 1 "T1-1-ftmino-3- 

SSmB2 ^- , i . J _ r _> h „ 1 „„„) , —i -.rbnrvl ) c acid 

(Bromomethyl)triphenylphosphonium bromide 70 . and 

A mixture of hydroxymethyl) triphenylphosphomum bromide and 
phosphorus tribromide in benzene is heated at reflux for 3 with 
stirring. After this time the solution is darfc orange and an 
orange solid is present The mixture is cooled to 25-c and 
methanol is added. The solvent was removed at reduced pressure 
and the residue treated with water to extract the phosphonium 
sltt The agueous extracts were saturated with solid P°™ 
bromide and extracted with chloroform. The phosphonium salts are 
crystallized from hot chloroform by addition of ethyl acetate. 

Lt-Butyl carbamate-3- (bromomethylenyl) -i-cyclobutane-l-carboxylic 

acid methyl ester 71 suspenaed in ether and ethereal 

The phosphonium salt 70 is susp Qrange . yellow solution 

phenyllithium is added rapidly at 25 c An or y 
results which becomes mustard yellow within 2 h. To this sol 
Is added protected ketone .2 and the reaction mixture is heated at 



n2 3n-VAmino-3-(2-iodoethenyl)cy 



ciobutane-1-carboxyiic acid 



10 



FUSi 



CC 2 Me pphj/DMf 

N H 5 BOC B ^ 10 " C 
Step 63 




65 



C0 2 Me UC = CH 
NrfBOC 

Step 54 



y\/ C0 ^ e feSnH 




C0 2 Me Nat 123 /H 2 0 2 



NH x BOC 



Steo 65 



63 



67 



69 



N^BOC 



Steo 65 




C0 2 Me 



NH BOC 



[123l]-1-Amino-3-(iodome- 



thylenyOcyctobutane-1 -carboxyiic acid 



C0 2 Me 



=0< 



70 B 



=CH8r 



62 



Nal 123 /H 2 O a 



Step 69 



Step 67 



125, 



H 




H 



73 



C0 2 Me BuLi 

R 3 SnCi H 




NH l 80C 




71 

C0 2 Me 
N^BOC 



Step 63 



123. 



KCi 



H 




72 

C0 2 H 
NH 2 



Step 70 



74 



CC 2 Ms 



38 



reflux for 8 h with stirring (Step 68) . The ether is removed and 
the residue is chromatographed on silica gel. 

1- t-Butyl carbamate-3- (tributylstannylmethylenyl) -1-cyclobutane-l- 
5 carboxylic acid methyl ester 72 

To a solution of 71 in ether at -78°C is added t-butyl lithium 
(2 eq.) after 15 min tributyltin chloride is added and the mixture 
is warmed to 25°C (Step 69) . The reaction mixture is poured into 
ice water and the ether layer separated and dried. The ether is 
10 removed and the residue is chromatographed on silica gel. 

[ 123 I] -l-Amino-3- ( iodomethylenyl) cyclobutane-l-carboxylic acid 74 

Aqueous 3% hydrogen peroxide is added to a mixture of sodium 
[ 125 I] iodide, tributylstannyl 72, and 0.1 N HC1 in a sealed vial 

15 protected by a charcoal vent (Step 70) . The reaction is allowed 
to proceed for 3 0 min at ambient temperature, quenched with a 
solution of sodium bisulfite (300 mg/mL) . Deprotection of 73 
(Step 71) is achieved by using 1 mL of 4 N HC1 at 115 °C for 15 min 
and then the aqueous solution is passed through an ion-retardation 

20 resin (AG 11A8 50-100 mesh) . 

Example 10 : r 123 1 1 -2-Amino-2-methvl-4- ( E) -iodobut-3-en-l-oic 

acid 

2- t-Butyl carbamate-2-methyl-3-carbomethoxy propanol 75 
25 The protected alcohol 22 is added to a suspension of 

pyridinium chlorochromate in DMF at 25 °C, stirred at 65 °C for 3 h, 
and then diluted with water (75 mL) (Step 72). The mixture is 
extracted with ether (2x50 mL) and the combined ether layers were 
washed with water, dried (MgS0 4 ) and the solvent removed by roto- 
3 0 evaporation. 

2-t-Butyl carbamate-2-methyl-4-(E) -bromobut-3-en-l-oic acid methyl 
ester 76 

The phosphonium salt 7 0 is suspended in ether and ethereal 
35 phenyllithium is added rapidly at 25 °C. An orange-yellow solution 
results which becomes mustard yellow within 2 h. To this solution 
is added protected aldehyde 75 and the reaction mixture is heated 





Synthesis of [123l]-2-Amino -2-methyl-4-(E)-iodobut-3-en-1-oic acid 



H 



BOCN v /C0 2 Me 

PCC^ 

OH H 3 . 



H 3 < 




l BOCN - C °2 Me 



H 



Step 72 



22 



BOCN 

Ph^P=CHBr 

H Step 73 

75 





C0 2 Me 
H 



1. BuLi 



2. R 3 SnCI 
Br Step 74 



76 



<BOCN N / CO * Me 

h 3 ct X== \ 



Nal 125 /H 2 0 2 




BOCN 



SnR 3 Step 75 



77 



C0 2 Me 
H 




125 



HCl 



Step 76 



H 2 N CO s H 




78 



H 



125 



79 
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, 04 ..„ -7o\ The ether is removed 
at reflux for 8 h with stirring (Step 73). The ei:n 

and the residue is chromatographed on silica gel. 

2-t-Butyl carbamate-2-methyl-4- (E) -tributylstannylbut-3-en-l-oic 

acid methyl ester 7< ^ ^ ^ fc _ 

To a solution of 7 6 in ex.uej- ~ 
b utyllithiu n (> eo.., after IS min tributyltin ^"'Vi^Le 
Jtta Mixture is «ar.ed to 2 5-C (Step 74). The reaction 
is poured into ice water and the ether layer separated and dried^ 
T he ether is removed and the residue is chromatographed on sxlxca 



gel 

[ 



- I] . 2 _ Ain ino-2- m ethyl-4-(E)-iodobut-3-en-l-oic acid 79 

Aq ueous 3% hydrogen peroxide is added to a mixture of sodium 
15 ri» X] iodide, tributylstannyl 77, and 0.1 N HCl in a sealed vial 
15 [ - LJloa - L ' 75K Tne reaction is allowed 

protected by a charcoal vent (Step 75) 

to proceed for 30 min at ambient temperature, quenched with a 
solution of sodium bisulfite (300 mg/mL) . Deprotection of 78 

" ) is achieved by using X mL of 4 N HCl at U5»C for 15 min 
20 and then the agueous solution is passed through an ion-retardation 
resin (AG 11A8 50-100 mesh) . 

. „ ~ r i23 T t _i i Tin -? - iodocY clopentane-1- 
ExampJLe_Ji: synthesis of f — T1 1 Ammo 

narboxv] ^ ar-.id 80 

• ^-^ #-,n m ri n l N NaOH solution) is dried by 
-,«r r 125 Il -Sodium iodide (10 mCi, 0.1 w naun 

25 1 ^- 4-h~ nmtected amino acid tr if late 

acetonitrile (2 mL) evaporation, the protected ami 

35 (3 mg) is introduced in an acetonitrile solution (1 mL) . 

(NCA) iodination reaction is performed at 85°C for 5 min in a 

sealed vessel. Unreacted -X is removed by diluting the r c 

30 mixture with methylene chloride followed by passage through 

silica gel SeppaK which gives the -I labeled 

Deprotection is achieved by using 1 mL of 4 N HCl at 115 c for 
Jn and then the aqueous solution is passed through an ion- 
retardation resin (AG 11A8 50-100 mesh) . 
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[llSH-l-AmiBO-S-iodocyclopentane-l-carboxyUc acid X-l 

[123I]-l-Aiiuno-4-iodocyclohexane-l-carboxyUc acid X=2 

,C0 2 Me L Na 123 I 123 l 

nh'boc 2 - HC1 

X=1 80 

x = 1 35 x = 2 94 

x = 2 46 




HO 



[123Hl-Amino-3-iodocycopentane-l-carboxyUcacid X= 1 
L 123I]-l-Amino-4-iodocyclohex-2-ene-l-carbox y lic acxd X=2 




C0 2 Me pcc 
N^BOC 

34 Step 77 




,C0 2 Me h 2 NNH 2 u 
" 



NHBOC 




Step 78 



123 



Step 80 



NH l BOC 




C0 2 Me Na |i23 /H2 o, 



DBN 



Step 79 




25 



3 0 
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ExaaEl ^ u = tttnBM ri^-0tJC2^ -^■^"^-^^ 1 ' ^■- a -^^ > ^- 1 - 

^ r ^v Y lic acid 

^t-Butyl carbamate-3-oxo-l-cyclopentane-l-=arboxylic add methyl 

. ""'The protected alcohol 34 .ill be added to a suspension of 

pyridLum chlorochromate in DMF at 25-C. stirred at 65-c for 3 », 
!nl then diluted with water (75 ML, (Step 77, . The mixture „ 
exacted with ether (2x50 and the combined ether ^ *~ 

washed with water, dried (MgSO.) and the solvent removed by roto 

10 evaporation- 

tl-t-sutyl carbamate-l-cycl°pentane-l-carboxylic acid methyl 

ester! 3 -hydra zone 82 

I mixture of hydrazine, the Ketone 8i, DBN. and 20 m L of 
1S ethane! is heated to boiling (step 73, . The mixture ,s Kept hot 
for 10 min. The solution is cooled, and the hydrasone „ 
collected by filtration. 



i-Amino-S-iodo-cyclopent-a-ene-l-carboxylic acid 84 
' '^Tous 3% hydrogen peroxide will be added to a mxxture ^ 
sodiums-Iodide, hydrate ... and o.l H BC1 ^ * J^f^ 
protected by a charcoal vent (step 79). The reac tron « 
to proceed for 30 min at ambient temperature, guenched with a 
solution of sodium bisulfite (300 mg/mL, . m±n 
(Step 80) is achieved by using 1 ml, of 4 H HC1 at 115 c for 15 mi 
and then the agueous solution is passed through an .on-retardatxon 
resin (AG 11A8 50-100 mesh, . 

Examfilell: °YP^"'- " f F r'"T1-l-»mino-3-(2- 

^L^th^L^ ^nt^.-l-.arboxYli^ «<>* M 
i-t-Butyl carbamate-3-bromo-l-cy=lo P entane-l-carboxylic acid 

methyl ester 85 

Bromine is added to a mixture of alcohol 34 and 

triphenylphosphine in DMF at -10-c <~^»^ ^ e^ 
i h, the mixture is diluted ^m sulfite, and then 

The ether layer is washed wxth water, 




dried. The ether is removed and the residue is chromatographed on 

silica gel. 

X-t-Butyl carbamate-3-ethynyl-l-cyclopentane-l-carboxylic acid 

p; methyl ester 86 

The bromo compound « in THF is added to a suspension of 
lithium acetylide ethylenediamne complex in THF stirred at D C 
under a nitrogen atmosphere <step 82). The » s *-rea ^ 

3 h at 25-C, poured into ice water, and extracted with ether. The 
« tner extract is washed with ice cold 1 H HC1, brine and then 

.0 ether extract is resl due is chromatographed on 

dried. The ether is removed and the residue 

silica gel, 

1-t-Butyl carbamate-3-( ( E ) -2-tributylstannylethenyl) -1- 

will be ref luxed in toluene under nitrogen atmosphere for 10 h 
(Step 83). The reaction mixture is cooled, solvent removed in 
vacuo, and the residue chromatographed on silica gel. 

20 [ „ Jl] . 1 - Rmin o-3-(< E )-2-iodoethenyl,cyclopentane-l-car b oxYlio acid 

" Aqueous 3% hydrogen peroxide is added to a mixture of sodium 
C-lUodide, tributylstannyl 87, and 0.1 N HC1 in a 
25 protected by a charcoal vent (step .4,. The reaction is allowed 
to proceed for 30 min at ambient temperature, guenched w th a 
solution of sodium bisulfite (300 mg/mL, . Deprotection (Step 85, 
SOJ - _ . M „ rl at 115°C for 15 mm and then 

is achieved by using 1 mL of 4 N HC1 at 115 c r 

the aqueous solution is passed through an ion-retardation res. 
30 (AG 11A8 50-100 mesh) . 




E-f 1 23I]-l-AnuBC-4-(2-iodoethe n yl)cyclopenta n e-l-carboxyHc acid X=l 
E-[123I]-l-A m ino-4-(2-iodoe«henyl)cyc 1 chexane-l-carboxyUc acd X=2 



C °2 Me pPhg^M F Br. 

nh'boc b ^- 10 ° c 

Step 81 

CO z Me 
N^BOC 




■ C °2 Me LiCSC H 

nh'boc 



,C0 2 Me 



1 
2 



34 
46 




x=1 85 
x = 2 99 

l. Nal 123 /H 2 Q2 
2. HCI 



Step 84-85 



nh'boc 




R 3 SnH 



Step 
83 



ri23H-A m ino-3-(iodo m emylenyloyclopen. an e-l-carboxyUc acid X=l 
S-l-Anuoo-Miodo^y.eny^cyclohexane-l-carboxyl.c acd W 




Step 88 



C0 2 Me BuLi_ 

t R 3 SnCI 
NH l BOC 

90 Step 87 
103 




R 3 Sn 



123 



C0 2 Me 



NH BOC 
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ExamBlel4: -y^^— - ^ r^TI -1 -Amino-3- 

^^^ n ppntane -l-c ,rho y y1ic acid 93 

1-t-Butyl carbamate-3- (bromomethylenyl) -i-cyclopentane-1- 

carboxvlic acid methyl ester 90 

carboxyn suspended in ether and ethereal 

The phosphomum salt 7 0 is suspenueu 
phenyllithium is added rapidly . t 25°c. An orange-yellow so u U» 
tZ.s which becomes mustard yellow within 2 h To -^at 
Is added protected ketone 8! and the reaction mature is heated at 
refiner S h with stirring (Step 86, . The ether is reeved and 
the residue is chromatographed on silica gel. 

1-t-Butyl carbamate-3- (tributylstannylmethylenyl) -l-cy=lo P entane- 

1 -carboxvlic acid methyl ester 91 , . ^ . 

T H solution of ,0 in ether at -78°C is added t-butyllithium 
(2 eg ) after 15 min tributyltin chloride is added and the mixture 

wlrmed to 35-C (Step .7,. The reaction mixture 
ice water and the ether layer separated and dried. The ether is 
removed and the residue is chromatographed on silica gel. 
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] -l-a.im.-3- ( iodomethylenyl) cyclopentane-l-carboxylic acid „ 
aqueous 3% hydrogen peroxide is added to a mixture of sodium 
r-lHodide, tributylstannyl 91. and 0.1 N HC1 in a sealed vial 
1 x) , . ,<-,„ T he reaction is allowed 

protected by a charcoal vent (Step 88) . The 

to proceed for 3 0 min at ambient temperature, quenched with a 
solution of sodium bisulfite (300 mg/mL) . Deprotection of .2 
^tep H, is achieved by using 1 mL of 4 N HC1 at 115-c for 15 min 
and then the aqueous solution is passed through an ion-retardation 
resin (AG 11A8 50-100 mesh) . 

FvamDle 15 : Synthesis of I T ) 1 Amxno 

rarhoxyJi'- ar.id 94 

r.»l,-Sodium iodide (10 mCi, 0.1 N NaOH solution) will be 
dried by acetonitrile (2 m L , evaporation, the protected amino acid 
« «iflate 46 (3 mg, is introduced in an acetonitrile solution (1 

mL The H«) iodination reaction is performed at 85-c for 5 min 
In a slaled vessel. Unreacted -X is removed by diluting the 



30 




# 

mp^hvlene chloride followed by passage 
reacting mixture with methylene ch labele d product. 

„«H * silica gel Seppak which gives the I laDeiea y 
through a silica gex 115°C for 15 

Deprotection is achieved by using 1 HC1 f 

Tin and then the aqueous solution is passed through an lon- 
5 retardation resin (AG 11*8 50-100 mesh) . 

mmsls ^: ayD thesis^f_^! T 1 1 - MH no-4-i odoc v^ ope x-2-ene ^ 

r^rhoxvlic acid 

X-t-Butyl carbamate-4-oxo-l-cyclohexane-i-carboxyllc acid .ethyl 

10 eSter T " protected alcohol 46 is added to a suspension of . 
pyridinium chlorochrcnate in DMF ,t 25°C, stirred at 65 C for 
ana then diluted with water (75 mL> (step 77, . The mixture is 
extracted with ether (2x50 mL> and the combined ether layers are 

19 "shed with water, dried <«gS04, and the solvent reeved by rote- 
evaporation. 

ex-t-Butyl carbamate-X-cyclohexane-l-carboxylic acid methyl ester] 

4-hydrazone 96. and 20 mL of ethanol 

A mixture of hydrazine, the ketone 95 
is heated to boiling, and a drop of glacial acetic 
The mixture is kept hot for 10 mm (Step 78) . The 
cooled, and the hydrazone is collected by filtration. 

r 1 " T1 - 1 .Amino-4-iodo-cyclohex-2-ene-l-carboxylic acid 98 
25 [ I] -1 -Amino . , . , 4-~ = mixture of sodium 

Aqueous 3% hydrogen peroxide is added to »™* u 
(-^iodide, hydrazone ... and 0.1 N HC1 in a seale vial 
protected by a charcoal vent (Step 7,). The reaction is allowed 
to proceed for 30 min at ambient temperature, quenched with a 
30 solution of sodium bisulfite (300 mg/mL, ^ ^ 

resin (AG 11A8 50-100 mesh) . 
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x-t-sutyl carbamat^b^mtl^=^^ methyl 



SSter •„„ is added to a mixture of alcohol 46 and 

5 Bromme is added to 81 , After stirring for 

triphenylphosphine i, , «r at -10 c Step ^ ^ 

! h, the mixture i. diluted wxthw ^ ^ ^ 

10 silica gel. 

l-t-Butyl carbamate-4-ethynyl-l-cyclchexane-l-carbo*ylic acid 

methyl ester 100 ^ g suspension o£ 

The bromo compound 99 in inr j-=> 

15 lithil acetylide ^^^^ ST^^ - 

3 n a-c w brine and then 

ether extract is washed with ice cord HC1 on 

dried. The ether is removed and the residue 
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dried. 
20 silica gel. 



X-t-Butyl carbamate-4- ( (E) -2-tributylstannylethenyl) -1- 
oyclohexane-l-carboxylic acid methyl ester 101 
Tributyltin hydride, the alkyne 100 and 

Tribu-cyj-i-J- * in toluene under nitrogen 

azobisisobutyronitrile are refluxed in tol 

^ . , _ . q o \ r r v ie reaction mixture x& w 
atmosphere for 10 h (Step chroma tographed on 

solvent removed in vacuo, and the resia 

silica gel. 

t .»x , -l-Amino-4- < (E) -a-iodoethenyl, cyclohexane-l-carboxylic acid 

102 „ irf = i. added to a mixture of sodium 

&q ueous 3% hydrogen peroxide is added ^ 

^.XUodide. «^^ 1 /; s V^;:;-\he reaction is allowed 
protected by a charcoal vent (step 84) I 

to proceed for 30 min at ambient te ^ r f (step .„ 
solution of sodium bisulf ite ^° ^ [JT^ ^ min'and'then 
is achieved by using 1 mL of 4 N HC1 at 




the aqueous solution is passed through an ion-retardation resin 
(AG HA8 50-100 mesh) . 

— ^^^^^^^ , c 

5 x-t-Butyl carbar.ate-4- (b ro n o m ethylenyl, -Lcyclohexane-X-oarboxylic 
acid methyl ester 103 suspen ded in ether and ethereal 

is added protected *e ether is removed and 

reflux for 8 h with stirring (Step 86). The ether 
the residue is chromatographed on silica gel. 

15 1-t-Butyl carbamate-4- < tributylstannylmethylenyl) -l-cyclohexane-1- 

carboxylic acid methyl ester 104 

To a solution of 103 in ether at -78»C xs added t 

^ f, or is min tributyltin chloride is added 
bu tyllithium (2 eg.) after 15 ^ y 

and the mixture is warmed to 25 C (Step a/J 

,r-.d into ice water and the ether layer separated and dried. 
20 is poured into wa chr omatographed on silica 

The ether is removed and the resiaue 

gel . 

tmn-l-M.ino^-CiodomethylenyDcyolohexane-l-carboxylio acid 10. 
25 [ 1 * q u7ous 3S nydro g en peroxide win he added to a mlx ture o £ 
sodiu* Cl-^iodide, tributylstannyl 10, and 0^ H 
sealed vial protected by a charcoal ^ZZ^e, inched 
is allowed to proceed for 30 mm at am nenrotection of 

with a solution of sodium bisulfite (300 mg ^ ' t „ 15 

105 (Step 89) is achieved by using 1 mL of 4 N HCl at 
min an* Len the aqueous solution is passed through an ion- 
retardation resin (AG 11A8 50-100 mesh) . 

n Pi^^cr^ntion c^i es in Tumor Bearing_Rats 

Examp_le_19: Bion istr^ — oercent dose 

\n7^istribution of radioactivity expressed as percen 
35 Tne Qlsl , „ . ^y,^,, -r-ats with implanted 

™ H«ues of unfasted male fisher rats wiui f 
per gram in tissues ot intravenous administration 

gliosarcoma at 5 min and 60 min after int 




10 



15 



20 




m-,voo t The initial level of 
of r 18 FlFACBC is shown xn Table I. me in 

accumu ation o £ radioactivity in the brain 

r-FlFACBC was low (0.11% dose/gram) at 5 «n and increased 
slightly to 0.26% dose/gram. The agent, however, exhibited a high 
slightly to o exhibited a maximum 

rrmi: ; tr::*: - « • r r turaor 

brain ratio o £ . .. at ^ m ^ ^ "in, to 

T-»rH oactivity showed no increase 

radioactivity demonstrates the expected 

0.38% dose/gram at 60 mm, which ae .^„„ nt . in vlv o 

stability of the 2-cyclobutyl group to significant in 

defluorination. 

! ~-f ri8 V iFACBC with [ 18 F12-FDG in a 
We compared the tumor uptake of [ F] FACBC wi i 

^ Tnale fisher rats with implanted gliosarcoma at 5 
separate group of male fisner ra r* 8 F12-FDG the 

• «n m in after intravenous administration of [ F]2 FDG 

mm and 60 mm after m radioactivity in the brain tumor 

retention resulted in a low tumor to brain ratio of 0.84 at 6 



mm, 



V 



TABLE I 



distribution of Radioactivity in Tissues of Unfasted Male 
Fisher Rats following Intravenous Administration of [ 18 F]FACBC 




15 



20 





Mean % Injected Dose/Gram 
(Average of 4 Rats) 


Organ 


5 min 


60 min 


Blood 


0. 58 


0.32 


Heart 


0.70 


0. 56 


Muscle 


0.27 


0.41 


Lung 


1 . 13 


0 . 64 


Kidney 


1. 08 


0. 60 


Spleen 


1. 55 


0. 68 


Liver 


1. 10 


1.70 


Testis 


0.25 


0.28 


Bone 


0.52 


0.38 


Brain (B) 


0. 11 


0.26 


Tumor (T) 


0. 61 


1.72 








T/B 


5.58 


6.61 



This significant tumor to brain ratio of 6.6 at 60 min 
25 strongly supports the use of [ 18 F]FACBC as a valuable imaging agent 
for the diagnosis and management of treatment of metastatic 
disease in humans by PET. 

In addition [ 18 F]FACBC displayed highly specific binding to 
human astrocyte tumor cells in a human patient, further 
3 0 establishing the suitability of At-labelled compounds of the 
invention for therapy. 



6Z 



10 



15 



20 



25 



30 



♦ * 

• rTc-99ml_tecimetiliitb (5 

mer^EtoEent^zl^ 7—™^ his 

.^x^li*-^^^ 

X-t-Butyl carbamate-3 (5 cnxo t> 

carboxylic acid methyl ester 107 treate d with one 

5 -Chloropent-l-yne xs cool- ^ carbamate -3- 
equivalent of n-butyllxthxum 1 t B , . carboxyllc acid 

(tri fluoromethane sulf onox^ thyl) eye the 
.ethyl ester (11) x. added to the pQUred onto ic e 

mi xture is allowed to - is remove d and the product 

and extracted wxth ether. The ^ 
is purified by column chromatography (sxlx 

h te 3_ (1 - ( 5-mercaptopent-l-ynyl))cyclobutane-l- 
l_t-Butyl carbamate-3- (l ^ « 

ca rboxyli= acid - th f, b ^f c "° ba ma te -3-(5-chloropen t -l- 

Thiourea and 1-t butyl are heated 

Y nyl>cyclobutane-l-carbo*ylic acid methy ^ intermad iate 

together at SO-C in DMF for one nour. ^ ^ The 
is hydrolyzed by warning to 3 eJttracted with ether and 

— is -^/^r^r^ed with brine and dried (HgSO, . 

rivirrre^ «- — - 

r ( 1- ( 5-mercaptopent-l-ynyD ) -1- 
[T c-99m] Technetium, P ^ 2 . _ me thylimino) bis 

Lino=yolobutane-l-=arboxylioacid,„ 2 , 2 

tetn«nathiolato]](2-)H,s^oxo ^ „. To0( _ eluate and 

Th e complex 1S P ". a "! e 4 1Inero a P to)methylamine and 
equimolar amounts of N - dl(2 /! i ^ t . 1 . ynyl)oycl obutane-l-carboxylic 
bu ty! carba m ate-3-(S-»er=apto P ent 1 yny > V d ^ ^ ^ seppa]c 

acid methyl ester (HO) . The f ethanol to obtain 

and eiutsd with 0.5 ^ of «~ J"*^ u hydrolyzed 

the protected [99mTc] amino • fey passage 

with 3 N HC1 at 120°c for 20 mm and P 
through MU-tt l» retardation resin. 
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,C0 2 Me 

TfO 




N^BOC n-butyliithium 



+ step 90 n=1 10 7 
HCSC — n =2 108 

n cl n= 3 109 
n = 1,2,3 





CO a Me 

CQ 2 Me thiourea^ AXT^ \ / ^^BOC 




/ NH^OC step g -i 



CO a Me 
N^BOC 99m Tc o 4 



n=1 110 
n=2 112 
n=3 113 



HS 

■+ 




2. TFA 



N-di(2-ethylmen:apto)- 

methylamine step 92 ^ 114 

n=2 115 

n=3 116 





Example 21 ; Synthesis of fTc-99m1 technetium, r 3- ( 1- (5- 

mercaptopent-1 ( Z) -envl) ) -1-aminocvclobutane-l- 
carboxylic acid) ] f 2 , 2 1 -methylimino) bis 
fethanethiolatol 1 (2) -N. S, S ' 1 oxo 123 
5 1-t-Butyl carbamate-3- ( 1- (5-chloropent-l (Z) -enyl) ) -cyclobutane-1- 
carboxylic acid methyl ester 117 

A mixture of 1-t-butyl carbamate-3- ( 1-5-chloropent-l- 
ynyl) ) cyclobutane-l-carboxylic acid methyl ester (107), palladium 
on barium sulfate, quinoline and methanol are shaken under 
10 hydrogen for 8 h. The catalyst is removed by filtration through 
Celite and washed with methanol. The filtrate is concentrated 
under reduced pressure to give the cis-alkene compound 12 0. 

1-t-Butyl carbamate-3- (1- (5-mercaptopent-l ( 2) -enyl) ) -cyclobutane- 

15 1-carboxylic acid methyl ester 117 

Thiourea and 1-t-butyl carbamate-3- ( 1-5-chloropent-l ( Z) - 
enyl) ) -cyclobutane-l-carboxylic acid methyl ester (117) are heated 
together at 80°C in DMF for one hour. The reaction intermediate 
is hydrolyzed by warming to 50°C with 3 M aqueous hydroxide. The 

20 mixture is neutralized with dilute HCl, extracted with ether and 
the combined ether extract is washed with brine and dried (MgS0 4 ) . 
Solvent is removed to give the mercaptan product 12 0. 

[Tc— 99m] Technetium, [3- ( 1- (5-mercaptopent-l ( Z ) -enyl) -1- 
25 aminocyclobutane-l-carboxylic acid) ] [ 2 , 2 1 -methyl- 
imino) bis [ethanethiolato] ] (2-)N,S,S f ]oxo 123 

The complex is prepared by combining 99m Tc0 4 -eluate and 
equimolar amounts of N-di (2-ethylmercapto) methylamine and 1-t- 
butyl carbamate-3- (1- (5-mercaptopent-l (Z) -enyl) ) cyclobutane-1- 
30 carboxylic acid methyl ester (120) . The mixture is applied to a 
C-18 Seppak and eluted with 0.5 mL of water and then 0.5 mL 
ethanol to obtain the protected [99mTc] amino acid. This compound 
is hydrolyzed with trif luoroacetic acid (TFA) at 25 °C for 5 min 
and then purified by passage through AG11-8A ion retardation 
35 resin. 




« 



[Tc-99m] Technetium, [3-(l-(5-mercaptopent-l(Z)-enyl))-l-amijiocyclobutane-l-carboxylic 
acid)]X2 t 2 , -mechyl-irnino)bis[eihanethiolato]](2-)N,S,S , ]oxo 





n = 1,2,3 



CI 




HS 



CO z Me 



nh'boc 




CO a Me 



H 2 



N-di(2-e thy lmerca p to) - 
methylamine 



BaS0 4 
quinoline 

Step 93 



thiourea 



Step 94 



CI 



C0 2 Me 

NH'SOC i 99m Tc0 4 



2. TFA 
Step 95 



n=l 117 
n=2 118 
n=3 119 



HS 




H 3 C 



I OS Tc 99m 



n =1 120 
n=2 121 
n=3 122 




n=l 123 
n=2 124 
n=3 125 



CO z Me 



NH^OC 




C0 2 Me 



NHBOC 




CO z H 
NH 2 



# • 

— ^^^^^^^ 

aP ,dnr2.2 l^ aethYUminol^i » r ethanes i ol ato"! U 2 ) - 
H,fi ,SMo vn 132 

Xlt-Butyl carbamate-3- ( 5 - ( 1-chloropentyl, , -cyclobutane-1- 

rarboxvlic acid methyl ester 126 

fixture o £ 1-t-butyl carbamate -3-<l-<5-chloropent- - 
ynyl)) cyclobutane-l-carboxylic acid methyl ester 
and methanol are -^.en under hydroge, ^ a with methanol. 

saturated -pound The solvent is removed and 

the prduct is purified by column chromatography (silicia gel) . 

,-t-Butyl carbamate-3- (5- d-pentanethiol) , cyclobutane-i-carboxylic 

acid methyl ester ™ carbam ate-3-(l-5-chloro P ent-l< Z >- 

Thiourea and I t ^1 ^ m heated 

enyl))-cyclobutane-l carboxyli r „ ot ion intermediate 

in DMF for one hour. The reaction 
together at 80 0 in DMF hydroxide. The 

is hydroly Z ed b, = - » ^ ^ ether and 

- — - •«* ----- 

solvent is removed to give the mercaptan product 129. 

„ r3-(5-(l-pentanethiol))-l-aminocyclobutane-l- 
rTc-99mJ Technetium, [3 (a 1 1 F 

carboxylic acid) ] [2 , 2 ■ -methyl-imino) bis [ethanethiolato] ] 

(2)N,S,S']oxo 132 v, 4 „ iT , a 99-tcO -eluate and 

The complex is prepared by combining Tc0 4 el 

«-» «f N-dif2-ethylmercapto)methylamine and 1 t 
equimolar amounts of N-di(2 ernyx i -carboxvlic 

butyl carba m ate-3.(5-(l-pentanethiol))cyclo b utae car box y 

-h m .thvl ester (129). The mixture is applied to a C 18 SeppaK 
acid methyl ester k oi . hanol to obtain 

and eluted with 0.5 mL of water and then 0.5 * "yarolyzed 

. • j This compound is hyaroiyzeu 

the protected [99^] amino acid^ J ge through 

with TFA at 25»C for 5 mm and then purified oy p 
AG11-8A ion retardation resin. 



• t 



acia)i[2.2'-methyl 

H 2 C1 





v C0 2 Me H 3 C J \ 



n=l 129 
n=2 130 
n=3 131 




" \ / "NH'BOC i 99m Tc04 |^o- Tc 99 

2. TFA >V t^C 



CQ 2 Me 



Raney Ni n N^/ NH l BOC 

n=l 126 
Step 96 n =2 127 

n = 1 .2.3 n=3 128 



/\ ,C0 2 Me thiourea HS '^^"^ < >C^ 

n X/ nh'boc Stcp97 



C0 2 Me 
NH T BOC 




CQ 2 H 



N-di(2-ethytaieicapio> " n NH 2 

methylamine 

Step98 n =1132 

n=2 133 
n=3 134 




• 



Example 23 : Synthesis of fTc-99m1 technetium, r 3- ( 1- ( 5- 

mercaptopent-1 (E) -envl) ) -1-aminocvclobutane-l- 
carboxylic acid) 1 \2 , 2 1 - 

methyl imino) bis f ethanethiolato] 1 ( 2 ) -N. S . S 1 1 oxo 141 
5 l-t-Butyl carbamate-3- (1- ( 5-chloropent-l (E) -enyl) ) cyclobutane-1- 
carboxylic acid methyl ester 13 5 

5-Chloro— 1 (E) -iodepent-l-ene in ether is cooled to -78 °C and 
treated with n-butyllithium. After stirring for one hour, 1-t- 
butyl carbamate-3- ( trif luoromethane sulf onoxymethyl) -cyclobutane- 
10 1-carboxylic acid methyl ester (11) is added to the lithium 

alkynylide over a 15 min period. The mixture is stirred at 25 °C 
for 1 h poured into ice cold aqueous 5% HC1 and extracted with 
ether. The solvent is removed and the product is, purified by 
column chromatography (silica gel) . 

15 

l-t-Butyl carbamate-3- (1- (5-mercaptopent-l (E) -enyl) ) cyclobutane-1- 
carboxylic acid methyl ester 138 

Thiourea and 1-t-butyl carbamate-3- (1- (5-chloropent-l (E) - 
enyl) ) -cyclobutane-l-carboxylic acid methyl ester (135) are heated 
2 0 together at 80 °C in DMF for one hour. The reaction intermediate 
is hydrolyzed by warming to 50 °C with 3 M aqueous hydroxide. The 
mixture is neutralized with dilute HC1, extracted with ether and 
the combined ether extract is washed with brine and dried (MgS0 4 ) . 
Solvent is removed to give the mercaptan product 13 8. 

25 

[Tc-99m] technetium, [3- (1- (5-mercaptopent-l (E) -enyl) ) -1- 
aminocyclobutane-l-carboxylic acid) ] [2 , 2 1 -methyl- 
imino) bis [ethanethiolato] ] (2-) N, S , S 1 ] oxo 141 

The complex is prepared by combining 99m Tc0 4 -eluate and 

30 equimolar amounts of N-di (2-ethylmercapto) methylamine and 1-t- 
butyl carbamate-3- (1- (5-mercaptopent-l (E) -enyl) ) cyclobutane-l- 
carboxylic acid methyl ester (138) . The mixture is applied to a 
C-18 Seppak and eluted with 0.5 mL of water and then 0.5 mL 
ethanol to obtain the protected [99mTc] amino acid. This compound 

35 is hydrolyzed with TFA at 25 °C for 5 min and then purified by 
passage through AG11-8A ion retardation resin. 





[Tc-99m] technetium, [3-(l-(5-raeruapiopent-l(E)-enyl))-l-aminocyclobutane-l-carboxylic 
acid)] [2,2'- raethyl-imino)bis[ethaneihiolato]] (2-)N, S ,S '] oxo 




CQ 2 Me 



NH BOC 



Butyl lithium 



Step 99 



CI 




n=l 135 
n=2 136 
n=3 137 



C0 2 Me 



nh'boc 



CO z Me 
NH^OC 




CO z Me 



N-di(2-ethylmercapto)- 
meihylamine 



thiourea 



Step 100 




n=l 138 
n=2 139 
n=3 140 



H 3 C V / \ 



Nf-feoc j ""TcO^ I o - Tc 99m 

^s' v s 

2. TFA 



Step 101 



n=l' 141 
n=2 142 
n=3 143 



CO z Me 



NH'BOC 




C0 2 Me 



NH^OC 





Fxamole 24: c y^v^is of r99n,Tc1 tech np1-j inn , r3-(l-(5- 

|rili)rnr ^ y i ^innentadionvlU I-rirarhon Yll 150 
X-t-Butyl carba m ate-3-(l-(5-a m ino P en t -l-ynyl) ) cyclobutane-1- 
carboxylic acid methyl ester 144 

Gener ;^!r t ri U r a ; bam a t e-3-( 1 -(s-a,inopen t - 1 - y n y x,,c y c 1 o b u t a„e- 1 - 
carboxyXic acid methyX ester (107) is reacted with sodium az.de in 
0«F at SO-C. The fixture is quenched with water and extracted 
with ether to afford the azide. The crude azide product is 
dissolved in methanol and treated with sodium borohy dr ide and 
quenched with cold 1 M HC1. The mixture is brought to 
and extracted with ether to give the amine product 144. 

[99mTc] Technetium, [3-<l- (5-aminopent-l-ynyl) ) -1- 
aminocyclobutane-l-carboxylic acid) carbonyi 
cyclopentadienyX] [tricarbonyi] 150 

General procedure: 

A solution of ferrocenedicarbonyl chloride, the ammo 
compound 14. and triethyXamine in dry methyiene chloride are 
hLLd at reflux for 2 h. The soXution is extracted -Xylene 
chloride, washed with saturated sodium bicarbonate and evaporated 

to dryness . . 

The ferrocene compound 147 and Mn(C0)5Br are placed in a 
glass tube, and THF and -TcO.-eluate are added. The glass ^tube l la 
Laled and heated at i.o-c for 1 h. The mixture is applied to a 
C-18 seppax and elated with 0.5 ml. of water and then 0.5 mL 
ethanol to obtain the protected t ,«Xe] amino acid. This compound 
is hydrolyzed with TFA at 25-c for 5 min and then purified by 
passage through AG11-8A ion retardation resin. 




[99mTc] Technecium, [3-(l-(5-aminopenc-l-ynyl))-l-aminocyclobutane-l-carboxylic acid)carbonyl 
cyclopentadicDyl][tricarbonyl] 



n = 1,2,3 



Fe 






CI 



CI 



CQ 2 Me 



NH'BOC 



1. NaN 3 
»~ 

2. NaBH 4 

Step 102 





CQ 2 Me 



Et*N 



NH'BOC CH 2 C >2 
Step 103 



Fe 



n=l 144 
n=2 145 
n=3 146 




N 




n 

n=l 147 
n=2 148 
n=3 149 



C0 2 Me 



nh'boc 





CO z Me 

NH T BOC 
C0 2 Me 

nh'boc 



I Mn(CO) 5 Br 

99m Tc0 4 
2. TFA 




Step 104 




n=l 150 
n=2 151 
n=3 152 



C0 2 H 
NH 2 



61 




10 



15 



rarhoxvl^ ani d^ car bony 1 

r .„ i ~ r ~^» a i env 11 f t-r i c.a rbony 1 1 ,_159 

Xlt-Batyl c— -3 - ( 1- ( 5-aminopent-l ( Z) -enyl) -cyclobutane-1- 

carboxylic acid .ethyl ester 153 ^ 

T „e above . yl)cyclobu tane-l-car b oxylic 

carbamate-3- (1- ( 5-ammopent-l (Z) enyxj y 

acid methyl ester (144) 

r99mTc] Technetium, [3- ( 1- (5-aminopent-l ( Z) -enyl) ) -1- 
aminocyclobutane-l-carboxoylic acid) carbonyl 

cyclopentadienyl][tricarbonyl] 159 t _ butv l 

^ht-p for 150 is followed using 1-t-butyi 
The above procedure for 1 ^^.^o^ic 
carbamate-3-(l-(5-aminopent-l(Z) enyl cy 
acid methyl ester (153) as the amino compound. 



[ 9 9mTc] technetium, [ 3- ( 1- ( 5-aminopent-l ( Z) -enyl ) ) -1- 
aminocyclobutane-l-carboxylic acid) carbonyl 
cyclopentadienyl ] [ tricarbonyl ] 



CG 2 Me 1. NaN 3 



2. NaBH 4 



n = 1,2,3 



Step 105 



NH'BOC 




CI 



Fe 



Step 106' 



H; 





n=l 153 
n=2 154 
n=3 155 




N 





—re : ^ 



n=l 156 
n=2 157 
n=3 158 



CQ 2 Me 



N^BOC 



CO z Me 



NH l BOC 



C0 2 Me 




j Mn(CO) s Br 

99m Tc0 4 
2. TFA 



Tc 



89m 




n=l 159 
n=2 160 



CO z H 
NH 2 




..t-'Butyl car.a.ate-3- (5- <X-pentyla mi ne, , cydofcutane-x-carboxy^c 
a C id methyl ester 162 £ollowe d using 1-t-butyl 

methyl ester (12 6) . 

[99mT c, technetium <5- P e— ine: ^"n""" 

ester (162) as the amino compound. 




[99mTc] technetium, [3-(5-(l-pentaneamine))-l-aminocyclobutane-l-carboxylic acid)carbonyl 
cyclopentadienyl] [iricarbony 1] 



ci \ c ° 2Me 

0 \/ NH^OC 



2 Me \ t NaN3 



4 X/^ 



C0 2 Me 



n= 1,2,3 



Me 
BOC 





C0 2 Me 
CO^Me 



o n N/ x nh'boc 



j Mn(CO) s Br 



n=166 
n=167 



**«r„ \^ NH 2 






Example 27, Synthesis of [99mTcl technetium, \3- (1- f5-aminQpent:- 

1 (E) -enyl) ) - 1 - aminocyclobut ane - 1 - carboxyl ic 

acid) carbonyl cylclopentadienyl ) rtricarbonyll 177 . 

1-t-Butyl carbamate -3 - (1- (5-aminopent-l (E) -enyl) ) cyclobutane-1- 

carboxylic acid methyl ester 162 . 

The above procedure for 144 is followed using 1-t-butyl 

carbamate-3- (1- (5-aminopent-l (E) -enyl) ) cyclobutane-l-carboxylic 

acid methyl ester (135) . 

[99mTc] Technetium, [3- (1- (5-aminopent-l (E) -enyl) ) -1- 
aminocyclobutane-l-carboxylic acid) carbonyl 
cyclopentadienyl] [tricarbonyl] 177 

The above procedure for 150 is followed using 1-t-butyl 
carbamate-3- (1- (5-aminopent-l (E) -enyl) -cyclobutane-l-carboxylic 
acid methyl ester 171 as the amino compound. 



• 



[99mTc] Technetium, [3-(l-(5-aminopent-l(E)-enyl))-l-aminocyclobutane-l-carboxylic acid)carbonyl 
cyclopentadienyl][tricarbonyl] 






,.innrv f l*J"«-'-^r|villY]F l^ldl W - 
' i-t-Butyl 0 arbamate-3-(l-(5-amino P ent-lynyl>>cyclobutane-l- 

5 carboxylic acid methyl ester (144, is added to a solution of 
suc =inimidyl-6-t-Boc-hydra Z inopyridine-3-carboxylic acid and 
diisopropylethylamine in DMF. The mixture is stirred for 2 h, 
water is Idded and the mixture is extracted with ether^ 
and methyl protecting groups are removed by stirring the crude 
l0 product with 5 ml of trif luoroacetic acid (TFA) . The TFA rs 

removed by rotary evaporation and the product (ISO, » purrfred by 

^The'f lowing procedure is used to radiolabel the amino 
acid analogs with "Tc. A solution of the Hynic amino acrd 171, 
X5 DMSO, 0.1 M acetate buffer P H 5.2 and 9 5 mTc-glucoheptonate are 

vortexed briefly and then the mixture is allowed to stand for 1 h. 
The labeled compound 174 is purified by reverse phase HPLC. 

The above procedure for 183 is followed usxng 1-t-butyl 
carbamate-3- (1- (S-aminopent-1 (Z) -enyl) > cyclobutane-l-carboxylr= 
acid methyl ester (153) as the amino compound. 

The above procedure for 183 is followed us.ng 1-t-butyl 
carbamate-3- (5- (1-pentylamine, . cyclobutane-l-carboxylic acrd methyl 
ester (153) as the amino compound. 
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" r,fl r*» procedure for 183 is followed using ^™ 
carbamate-3- (1- (5-aminopent-l (E) -enyl) , cyclobutane-l-carboxylxc 
acid methyl ester (171) as the amino compound. 
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[99mTc] technetium, bis[3-(l-(SN-aminopent-l(Z)^yl)^-hydia2inonicotin 
-aminocyclobuune-l-carboxyhc acid ] 
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[99mTc] Technetium, bis^-Cl-CSN-axniaopentyD-e-hydrazinonicounamide)- 
1-aminocyclobutan^l-carboxyhc acid ] 
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[99mTc] technetium, bis[3-(l-(5N'aininopent-l(E)-enyl)-6-hydra2inonicounamide)- 
l-aminocyclobutane-l-carboxylic acid ] 
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